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NATIONAT, AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL NOTE D-1555

7-FUNCTION SOLUTIONS FOR THE MOTICN AND HEATING
DURING ATMOSPHERE ENTRY FROM EQUATORIAL
QRBITS OF A ROTATING FLANET

By Frederick W. Boltz
SUMMARY

It is shown that the two-dimensional equations of motion for atmosphere entry
can be transformed into a pair of first-order differential equations or a single
second-order differential equation in generalized coordinates. The transformation
is similar to that introduced by Chapman in NASA TR R-11 and is based on the
assumption of an exponential atmosphere. However, whereas the final equations
derived by Chapman are approximate in the sense that two terms in the initial
equations are disregarded, the Tinal equations derived in the present analysis
depend on no such approximations. Moreover, effects of atmospheric rotation for
entry from equatorial orbits are included in the present equations.

General machine-computed (IBM 704) solutions of the transformed equations are
presented in graphical and tabular form for various conditions of entry (i.e.,
initial values of flight-path angle and velocity) from which solutions at other
initial conditions may be obtained by interpolation and/or extrapolation. These
solutions are primarily for ballistic vehicles and include entries at clrcular and
supercircular velocity into the atmospheres of Earth, Mars, and Venus. Because
effects of oblateness have not been considered, the solutions presented are
strictly valid only for entry from equatorial orbits. However, since effects of
atmospheric rotation have been included for this type of entry, the solutions
presented are nearly exact (i.e., within the 1limitation of the assumptlon of an
exponential atmosphere). Moreover, since in the nonlifting case the transformed
equations are essentially independent of variations in atmospheric temperature
with altitude, the ballistic solutlons presented in generalized coordinates are
applicable to nonexponential as well as exponential atmospheres when properly
adjusted for variations in atmospheric scale height.

In addition to presenting intra-atmospheric solutions of motion and heating,
a summary of analytic solutions for Keplerian (two-body, point-mass) motion out-
side the sensible planetary atmosphere is also presented. Since these extra=-
atmospheric solutions may be directly linked to the intra-atmospheric solutions,
they are useful in extending the vehicle trajectory out into space for a specific
case of entry. ; ’



INTRODUCTION

Among the many critical factors pertaining to the successful atmosphere entry
of manned vehicles, those related to the aerodynamic heating of the vehicle, the
deceleration forces, and the distance traversed over the sutface of the planet are
most prominent. The manner in which these and other factors are influenced by the
vehicle characteristics and by the initial conditions of entry are indicated and
discussed in references 1 through 8.

An approximate analytical method for studying the major motion and heating of
entry vehicles during atmosphere entry has been developed by Chapman in reference 1.
This method has a distinct advantage over most other approximate methods in that
the solutions from the transformed equations of motion are applicable to ballistic
or roll-modulated 1lifting vehicles of any size, shape, and weight and to any plan-
etary atmosphere. Although Chapman's Z-function method provides reasonable
accuracy in the calculation of the motion and heating during flight through most
of the atmosphere, it cannot be used to accurately obtain such information during
the initial phase of atmosphere entry and during the final descent prior to impact
or landing. Moreover, it does not account for the effects of atmospheric rotation
on the motion and heating during atmosphere entry.

The primary purpose of the present report is to show how the two-dimensional
equations of motion may be transformed into dimensionless coordinates similar to
those developed by Chapman without deleting any terms of the equations and includ-
ing effects of atmospheric rotation for entry from equatorial orbits. It is also
intended to indicate the improvement in accuracy of solution for the motion and
heating during atmosphere entry that 1s obtained by using the transformed equations
of the present report rather than those of reference 1. A possible use for the
complete equations in transformed coordinates would be to eliminate the maximum
operating altitude restriction of certain guidance systems for atmosphere entry,
such as that proposed in reference 9.

The secondary purpose of the present report is to present numerical solutions
of the transformed equations in both graphical and tabular form for various condi-
tions of entry into the atmospheres of Earth, Mars, and Venus. Since, as is
indicated in reference 2, ballistic soclutions obtalned in the generalized coordi-
nates of reference 1 are applicable to nonexponential as well as exponential
atmospheres, the tabulated solutions presented herein are primarily for ballistic
or nonlifting entry. In the selection of initial conditions for which ballistic
solutions would be presented, the objective was to develop a lattice of points in
the plane of initial values of flight-path angle and velocity such that solutions
at other initial conditions could easily be obtained by parabolic interpolation
and/or extrapolation. This capability, however, was planned only for cases of
ballistic entry at essentially circular values of velocity. For ballistic entry
at supercircular velocities such a procedure was considered inadvisable, since the
range of initial flight-path angles for single-pass entry (see appendix A) is
very small in all cases. As a result, only a single tabulated solution for bal-
listic entry is presented at each of several initial supercircular velocities.
While, at first, it would appear that the selection of initial conditions for
these solutions was completely arbitrary, this is not really the case. The initial
flight-path angles selected were determined by trial and error to be those for
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which a unique single-pass trajectory results, namely, that where the vehilcle
levels out to horizontal flight just when cilrcular velocity is attained and then,
subsequently, continues its ballistic descent. Although certain of the initial
values of supercircular velocity selected are arbitrary, there are other values
included in the tabulated solutions which generally apply in returns to Earth from
lunar, planetary, and deep-space missions. In addition to the tabulated cases of
ballistic entry, some results of a large number of solutions for 1lifting entry at
these supercircular velocities are presented in compact graphical form (see appen-
dix B). Although these results were obtained using the equations of the present
report, they are not presented in terms of quentities peculiar to the Z-function
method.

Finally, it should be understood that the solutions presented in the present
report are essentially supplementary to those given in references 1, 2, and 3. The
extensive analysis of various aspects of atmosphere entry to be found in refer-
ences 1 and 2 is generally appropriate to and descriptive of many results found in
the present solutions. Thus, only those results obtained from the present solu~
tions which are not already summarized in references 1 and 2 have been discussed
in any detail.

NOTATION
a semimajor axis of elliptical orbit
A reference area for drag and 1ift, ft2

ar resultant gas-dynamic acceleration, ft/sec2

at  total acceleration, ft/sec2

b semiminor axis of elliptical orbit

c distance from foci to center of elliptical orbit
Cp drag coefficient, 5%2K

0, 1lift coefficilent, ;%EK

a distance from focus to directrix of conic sectioh
D drag force, 1lb

e eccentricity of orbit

E total energy per unit mass, ft2/sec2

f focus of conic section

g acceleration of gravity, ft/sec2
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Ug,

universal constant of gravitation
angular momentum per unit mass, ftz/sec
atmospheric scale height, ft

kinetic energy per unit mass, ftg/sec2
characteristic dimension of vehicle, ft
1ift force, 1b

mass of vehicle, slugs

mass of planet, slugs

mean molecular weight of planetary atmosphere (consistent units with gas
constant and g)

semilatus rectum of conic section
potential energy per unit mass, £t2/sec®

dimensionless function proportional to laminar convective heating rate per
unit area, given by equation (uk)

dimensionless function proportional to total laminar convective heat absorbed
per unit area, given by equation (L5)

laminar convective heating rate per unit area, Btu/ft2/sec

total laminar convective heat absorbed per unit area, Btu/ft2
distance from center of planet, ft or statute miles

mean radius of planet, ft or statute miles

universal gas constant, or radius of curvature of vehicle surface, ft
Reynolds number, le

great circle or horizontal distance on surface of planet, ft or statute miles
time, sec

absolute temperature, °R

transverse or horizontal component of velocity, ft/sec

dimensionless velocity ratio, &%

tangential velocity of planet at equator, ft/sec



dimensionless velocity ratio, %g
c

circular orbital velocity, Jgr, ft/sec

radial or vertical component of velocity, ft/sec
dimensionless velocity ratio, g:

resultant velocity relative to inertial coordinates, ft/sec

resultant velocity relative to rotating atmosphere, ft/sec

dimensionless velocity ratio, T

dimensionless velocity ratio, g—
weight of vehicle, mg, 1lb
altitude or radial distance from surface of planet, ft or statute miles
dimensionless function of V given by equation (19)
dimensionless function of U given by equation (30)
atmospheric density decay parameter, 1/ft

flight-path angle relative to local horizontal direction, positive for ascent,
negative for descent

angle between velocity vector relative to rotating atmosphere and velocity
vector relative to inertial coordinates

angle in polar coordinates with the origin at center of planet
flight-path angle relative to rotating atmosphere

coefficient of viscosity, slug/ft/sec; also product of universal gravitational
constant and mass of planet (GM = 1.LO764X1016£t3/sec2 for Earth)

atmospheric density, slug/ft3
atmospheric density at surface of planet, slug/ft3

nominal value of atmospheric density at surface of planet in exponential
approximation, slug/ftS

period of orbit, sec



Subscripts

a value at apogee
ex Tfinal value at exit from sensible atmosphere

i initial_wvalue at outer edge of sensible atmosphere (arbitrarily defined by
Zy = V{X10-6)

o value at sea level or at surface of planet

P value at perigee

s value at stagnation point

@ relative to average value for Earth
ANALYSIS

Assumptions and Restrictions

The solutions presented herein are strictly valid only insofar as the
following assumptions and restrictions apply:

(i) Atmosphere density varies exponentially with altitude (see fig. 1).

(ii) Atmosphere of planet has constant tangential velocity parallel to
surface at all altitudes.

(iii) Planet is sufficiently spherical so that tesseral and zonal harmonics
of the nonspherical gravitational potential may be neglected in
equatorial orbits.

(iv) Orbital motion and flight path during atmosphere entry are nearly in
the plane of planet's equator, if rate of rotation of planet about its
axis is not negligibly small.

Assumption (i) is based upon the equilibrium equation of an isothermal
perfect gas in a uniform gravitational field (ref. 10) which may be written as

—= = -gp (1)

and, since p = pRT/M, where RT/M is considered constant, it follows that

19 _ _Me -B (a constant) (2)

P dy RT
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LY (3)
Po
where P, 1s a nominal value of sea-level density. From equations (2) and (3)

alternate expressions are obtained for the so-called "scale height" of a given
atmosphere

mop RO ¥)
a(n o/B,) (

where M and T denote mean values of molecular weight and temperature, respec-
tively. As is indicated in reference 1 and in figure 1 of the present report, a
value of 23,500 ft for H and a nominal value of 0.0027 slug/ft3 for P provide a
reasonable exponential approximation up to 80 miles of the model of the Earth's
atmosphere given by the ARDC (ref. 11). The following estimated values of atmos-
pheric scale height and other physical properties of Mars and Venus were obtained
from references 1, 2, and 12. (A more detailed summary of astronomical constants
for the various planets is found in ref. 12.) The subscript @ designates a

value relative to that for Earth.

GMx10~16 M T
Planet ftg/secg’ e T Gases gm/éol x| Mo H, ft |Br (Br)g
FEarth |1.40764 |[1.000 |1.000 | Nz, Os 29 2h0 | 1.0 | 2.35%10% {1900 | 1.00
Mars .1514 376 | .535 | Nz, COz 28 210 | 1.0 | 5.6x10%* | 200 47
Venus | 1.150 .891 | .96 |COg, Nz Lo 270 | .8 | 2.2x10% [ 900 | 1.00

Further discussion of the approximations and restrictions involved in the use of
an exponential atmosphere 1in entry calculations is glven in reference 1l.

Agsumption (ii) is used for convenience in the case of a rotating atmosphere.
It simply states that the atmosphere is fixed to the planet in such a way that the
horizontal component of velocity u, 1s constant at all altitudes. Since, for a
given angular velocity, the actual tangential velocity will vary slightly with
altitude, this assumption implies that a very small amount of relative motion or
slippage between various layers of the atmosphere is taking place.

Assumption (iii) is reasonable for Earth, Mars, and Venus, since these planets
have only small equatorial bulges. In the case of an esgsentially oblate spheroid
such as Earth, the gravitational field consists of a part with spherical symmetry
and a nonspherical part in which the dominant part of the gravitational attractive
force varies inversely as the fourth power of the radial distance and 1s also a
function of the geocentric latitude (ref. 6). As is indicated in reference 6, it
is found that even in the plane of the equator there is a small deviation of the
gravitational attractive force from the inverse-square (spherical planet) relation-
ship with distance. Although this deviation is greater closer to Earth, it is
relatively insignificant in comparison with other effects during atmosphere entry
and so will be ignored in the following analysis.
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Item (iv) is a restriction which should certainly be imposed for entry into
the atmosphere of Earth and probably also for entry into the atmosphere of Mars.
(For Earth, the peripheral velocity at the equator is uy = 0.06 u,, and, for Mars,
ug = 0.07 uc.) This restriction would limit the angle of inclination of the
orbital plane to .the plane of the equator to small values. In the case of Venus,
which is believed to have a very low rate of rotation,l if it is reasonable to
assume that the atmosphere and planet are spherically symmetric, then the solutions
given apply with equal accuracy to other planes of entry.

Differential Equations of Motion

Extra-atmospheric motion.- For so-called Keplerian (i.e., two-body, point-mass)
motion outside the sensible atmosphere of a planet, a body is governed by its own
inertia and by gravitational forces. Consider first the equations of motion in
polar coordinates (r, 0), as illustrated in figure 2. The two-dimensional motion
of a body of mass m moving in a Newtonian central force field where the force of
attraction F varies inversely as the square of the distance r, so that

;@=;_&_<r29-i_o (5)
r dt r dt dt
da2r as
av = 0
at2 <dt> ¥ (6)

Letting the transverse and radial components of velocity be denoted by u
and v, respectively, so that

1The most recent estimates of the rotation rate of Venus (ref. 13) are based
upon radar experiments performed in the United States for the NASA by the Jet Pro-
pulsion Laboratory and in Russia by the Soviet Academy of Sciences between March
and May of 1961. In this period, Earth and Venus were passing close to one another
with the nearest approach (inferior conjunction) occurring on April 10, 1961.
Although the estimates in the two cases differ by a wide margin - JPL's results
indicating an extremely large period of rotation, perhaps as large as the Venusian
year of 225 days, and the Soviet Academy's results indicating a considerably
smaller period of only 10 days #1 day, depending on the orientation of the axis of
rotation - it i1s fairly certain that the error involved in neglecting the rotation
of the planet about 1ts axis is small in comparison with the error due to the
uncertalnty in the scale height of the atmosphere.



the equations of motion can be expressed more conveniently as

1 d du uv

—_ —— = == 4 —_—— = O .7

r at (ru) at r ( )
dav = u2 _ a
at T g =0 (8)

(It is to be noted that the independent variable can be changed from t to r by
using the differential identity a/at = va/dr.) If u and v are replaced by

u=Vecosvy, v =V sin 7y

equations (7) and (8) may be combined to obtain finally

"VT -
%; +gsiny =0 (9)
ay _(v2
3 - — = == O
v & "\ T glcosy =0 (10)

where V is the resultant velocity and 7y 1is the flight-path angle. (In these
equations the independent variable can be changed from t© to r by using the
differential identity da/at = V(sin y)d/dr.) These equations may easily be com-
bined and integrated to provide analytic solutions for the two-dimensional orbital
motion at any instant. However, before proceeding into the matter of summarizing
such solutions,2 it is desirable to consider the effects of gas-dynamic forces for
motion within a planetary atmosphere.

Intra-atmospheric motion.- For motion within the sensible atmosphere of a
planet, there may be both drag and 1ift forces on a body. Since drag and 1ift
forces are considered to act in directions along and perpendicular to the direction
of motion, respectively, the equations of motion are

du ,uv - _D sy -Lgingy = - D cos v /1 + L otan 7> (11)
at r m m m \ D

dv u2 D . L D L
- I = - = + = = - - 4 - - (1
T + g = siny + = cos 7 = cos 7 < an y D> (12)

ZAh1though solutions to the Keplerian equations of motion are well known and
are readily available, they are included herein, in greater detail than is generally
the case, for purposes of convenience and utility. Such extra-atmospheric solutions
may be directly linked to the intra-atmospheric solutions presented herein.



These equations represent the balance of forces in the horizontal and vertical
directions, respectively. The corresponding equations expressing the balance of
forces in directions along and perpendicular to the direction of motion, respec-
tively, sare

av D

a{ = . E - g sin 7y (13)
2
V%%=II‘Z+V?->COSV (14)

or, iIn terms of dimensionless quantitiesg,

Tr_av____ _ (.C_Iz'i or72_ , V2 _ (15)

Tro d(§7ro) 2m / sgin vy 2

V2r tan vy dy <CDA o
= + V2 -1 16
ro a(y/ro) cos y (16)

where ro 1s considered to be constant. Since tan y» = d(y/ro)/d(s/ro), equa-
tions (15) and (16) can also be expressed as

% d((grS)" ) '< >cos y <" ) >tan ’ o

Vr _dy
To d(s/rg)

1

(éDA orve w2 ., (18)

cos ¥y

Transformation of Coordinates

V_as independent variable.- If a transformation of coordinates is made
simllar to that introduced by Chapman in reference 1, with the dimensionless

dependent varilable Z defined as
CpA r . B
e = Vpoe ™Y 1

and with ¥V as the independent variable, it is found that, assuming CDA/m to be
constant,

[aY
1}

7 d(y/ro) 1
Z'—%'BI‘OZT 1-2{3_1' (20)

10



and, thus, that

v - 'BroZZ <} - (20a)
dl ' - = 2Pr
ro v
where Z' = d%2/dV. Combining equations (15) and (20a) gives
1 .
Jﬁ; 1l -==)siny
7 .5 2Pr (21)
v ;. siny (1 YE)
Jor 7z 2
Dividing equation {16) by equation (15) gives
< - 72> cos y - % Br VZ
Uyt = (22)

72 —
( - %%) sin y + Jﬁ; vz

where ' = dy/aV. FEquations (21) and (229, together with the initial conditions,
describe the motion completely in V, Z, and y coordinates and are equivalent to
the original equations, (13) and (14), or (15) and (16), which describe the motion
in V, t, and 7 coordinates or in V, y/ro, and ¥ coordinates, respectively.

It is of interest at this point to see whether the pair of first-order
differential equations, (21) and (22), can be reduced to a single, second-order
differential equation with Z as the dependent variable and V as_the independ-
ent variable. If equation (21) is differentiated with respect to V (assuming
Br = const. >> 1 so that 1 - l/EBr may be considered unity), there is obtained

g_.(z, ] g) - [(z' - 2/T) _ (z' - 2T - ve/m]

av \ tan y BrVz tan 7y

. (z' -2/V)3(1 -¥3/2) e(z' -z/V)®

2
Brvz2 Briaz (23)

and, after substituting the expressions for 2z' - Z/V and 7% as given by equations
(21) and (22), respectively, there results for the final equation

11



. 3 -
v[l+ﬂ__L y _'\7_2>:l _d:<Z= __§_>+§_§§r_li_7 [1+ﬂ.f_1_§_<1_\22_>]
JBr ¥z 2 av \ Vz Br Vz 2

Br sin3 v2 - ®
D). () s

ZZ
(23a)

where, from equation (21), assuming here also that 1 - 1/28r Z 1,

JPT Tz

sin y = — (21a)
__BLVZ.__<1\ZZ_>
7zt - 7/T 2

and

cos ¥ = .1 - sin® y (2k)

Thus, substituting equations (2la) and (24) into equation (23a) produces a single,
second-order differential equation for Z as a function only of V, Br, and 1L/D.
As in the case of the pair of first-order equations, (21) and (22), it is necessary
to specify two initial conditions, say Zi = Z2(Vi) and Z4' = 2'(Vi), in addition to
values of Br and L/D.

If, in correspondence to approximation (a) of reference 1 (see appendix C),
it can be assumed that

T2
sin? (1 - Y{) <«< 1
Br VZ 2
equations (21) and (22) can be reduced to
z' - % = JBr sin y (25)
— _ 2
Vy! = L=V cos y - L (26)

JBr 7z b

which may readily be combined into the expression

= d v/ 1 -7V2 > L
V=12 -=]==—— cos - \JBr = cos 27)
av ( i) vz 7 - D 7 (27

12



Equation (27), which corresponds to the basic differential equation of reference 1,
was derived wlthout the necessity of imposing approximation (b) of reference 1,
namely, that IL/D tan 7| << 1.

T as independent variable.- In a similar manner of derivation, the pair of
transformed first-order differential equationg with U as the independent variable
(as in the transformation of ref. 1) is found to be3

7 JE} <i - 5%?) sin ¥

c
z.t-== — -
€ i q,usin? L (28)
= tan vy
offr zo D
(cos2 y - U2)cos 7 - % JBr TZ
wr' = — (29)
%5 sin y + §Br ﬁZc<l + % tan 7>
where now
= (CDAY Jr —— -By
A B === = 0]
c > N/B upee (30)

V cos 7.

and Z.' = dZ./dW, y!' = dy/dW, and U
C C ) s

The second-order differential equation corresponding to equation (23a) with
T as the independent variable is found to be

1 — 3 _ .
1_1:/1 L asiny | Lion 7) a (Z ' g;) _ ABr 92 sin3 vy
N\ offr 2o D ag \ ¢ q 07,2

2 4 - 52
= (é - L tans %)(%99—41——Ji— cos2 ¥ - JJBr L cos 7)
D We D

(31)

Since the trigonometric functions cannot be obtained explicitly in terms of Z,

z', u, Pr, and 1/D from equation (28), it does not appear possible to eliminate
(without a great deal of difficulty) the angle functions entirely from equation (31)
and thereby reduce the two first-order equations to a single, second-order equation.
Such a reduction may be easily obtained, however, if the following approximation

is applied to equation (28), in addition to assuming that 1 - 1/2Br = 1,

sin ¥y £ tan vy

3Tt is to be noted that the use of equations (28) and (29) will generally
provide results equivalent to those given through the use of equations (21) and
(22). However, the use of equations (21) and (22) avoids loss of accuracy in the
computation of the nearly vertical flight at the end of a trajectory.

13



so that

(32)

12

sin 7y
BriZe
Zo' - Zo/T

= JE; ¢

G
ml&:l Ogj'

cos ¥y =41 - sin® ¥ (ak)

It is of interest to compare the nearly exact expressions for the Z
function given by equations (28) and (31) with the corresponding approximate
expressions developed by Chapman in reference 1, which are

Le

7.1 - 2C
¢ T

= JE; sin y

and

a é% < - —%) ui cos? ¥y - &JBr % cos3 y
The first of these equations differs from equation (28) by just those terms (or
equivalent terms) deleted initially in the approximations of reference 1. If
these same approximations then are applied to both equations (28) and (29), there
are obtalned

7 .
Zo' - ;? = \Br sin y (33)
uy! = cos® y - U2 cos ¥y - L (34)

JBT W D

and, consequently, the single, second-order equation is found to be
g4 > EQEEQL———_— cos2 y - fBr % cos ¥y (35)
au

which differs from Chapman's second-order equation only in the powers of cos 7.
Further informatlon concerning the basic approximations of reference 1 may be
obtained from an analysis presented in appendix C.
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Consideration of Atmospheric Rotation

If the atmosphere 1s considered to have a tangential velocity wua at the
equator, then, for entry along a flight path or orbit in the plane of the equator,
the terms in the two-dimensional equations of motion accounting for the gas-
dynamic drag and 1ift on the body must be modified. The modification consists of
first determining the directions of gas-dynamic drag and 1ift (parallel and per-
pendicular, respectively, to the relative velocity vector Vy) and then resolving
these forces into_components both parallel and perpendicular to the resultant
velocity vector V in inertial coordinates, as 1llustrated in figure 3. Thus,
it is found that the transformed equations, (21) and (22), can be expressed in

this case as
1 .
N Br (? - 25;> sin 7

AR % = —— — (36)
< - Y;> SSB Y . Z? <} + L tan é) cos
2/ Br vz \¥ D
7 \2
(1 - V®)cos v - JBr VZ <f;> (; - tan 5) cos ©
Tyt = v/ A\ (37)
¥ = — 37
(} - %?) sin y + JBr VZ <%%> (} + % tan é> cos B
where
T\ _\2 _
<3%> =1 + %%) -2 ?? cos vy (38)

and AN= 7y + 8) is the flight-path angle relative to the rotating atmosphere with
& defined by

sin © = 2& sin ¥ (39)
r
or
\_7-_
cos ® E ui cos 7 (4o)
Vr

The method used to obtain solutions of these equations is discussed in appendix D.
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Useful Quantities Related to the Z Function
The use of the 7 function in the calculation of a number of useful
guantities is indicated in the following relationships:

(1) Unit acceleration in flight-path direction (relative to atmosphere)
é—v—=— Br 7z <——> - sin A (41)
(2) Resultant unit gas-dynamic deceleration

Br Tz @Ef 1+ <%>2 (k2)

(3) Total unit acceleration (relative to inertial coordinates)

2 2
Y
g r

- 1 o 2 2
+1 F (D +12) ¥ = (D sin 7y - L cos 7)
~/ (mg)? mg

|
I
I+

1
1+

~ 7 = (Tr ¥
= % +1 F Br V25 %) [1 + < > ] F 24JBr VZ <%%> cos y <%an y - %)
(43)
(4) Dimensionless function proportional to laminar convective-heating rate per
unit area
R T\ CpA T3 \
= ¥5/2y1/2 ( 1L = ik _r Ly
q <V> 2m>pr (Br)l/‘}; ( )

(5) Dimensionless function proportional to total laminar convective heat absorbed
per unit area

§=fVI_S/2<>L——LZ"ZV av (45)

v zi/e Br sin y
f t
= JBg G dt = q dt , for Barth
27 t1
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(6) Elapsed time4 in seconds
vl 1 T —
t = 1 (Z Z/V) av (l&6)

7 JPe JPr VZ sin y

(7) Unit horizontal distance traveled

v, _
és_zf z! - Z/V) o7 (47)
r T PBr Z tan vy

(8) Unit vertical distance traveled

V1 -
Ay 7' - Z/V) &
- fv_ o 7 av (48)

(9) Dimensionless density-loading parameter®

Z _(Cph
L= (2 o (59)
(10) Density ratio
o - (B <.2_m_> z (50)
Po VP CDA/ Tpor
(11) Dynamic pressure
L w2 = mg o\ 7
L re = B <CDA> vz (51)

4The values of time given in the tabulated solutions for Earth or Venus must
be multiplied by the factor 0.98 for application to Venus.

5The reason for giving values of the density-loading parameter in the tabu-
lated solutions presented later in the report is primarily for convenlence in
determining the place in the table corresponding to a glven altitude for speclfied
velues of CpA/m and density. For example, if approximate values of Pprp 8are
used for the three planets considered herein, the values of Br 7/V corresponding
to the planet surface in each case are given by

<JB? %) 28,230 (C—I?@ ,  for Earth
o]

where units

A
= 1,100 (?D{> s for Mars CpA
m of ——
m
A 2
= 300,000 <g%{> s for Venus are ft%/slug
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(12) Reynolds number per unit length

Re _ Vo _/Pe 2L>Z 5

_m _m_ )
22,000 <CDA> Z for Earth, ook in slugs/ft

In general, these quantities differ from the equivalent or corresponding quantities
given in reference 1 only in that the Z function, as defined previocusly, is pro-
portional to V rather that to U, and, also, that the restriction as to a minimum
value of Z for a glven value of V {(or ©@) does not apply.

Solution of Differential Equations

Extra-atmospheric motion.- In the case of zero density, the equations of
motion can be integrated directly. Equations (15) and (16) reduce to

ry_4& _T¥_1
<;0> aly/ro) 2 ¥ (53)
T dy _VE -
(;;) an v aly/ro) T2 (54)

and, dividing equation (54) by equation (53) gives

t sv4 = __ﬂ_g__*
TR ey (55)

From the integration of equations (53) and (55), it is found that

L .2-V (56)
rl 2 - 712
or
r_z = const = a (56a)
2 -V
and that
cos ¥ _ ii 2 - 732 (57)
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or

T2 - 72 cos v const =41 - &2 (57a)

Combining equations (56) and (57) gives

cos = :_:L Irq (58)
cos Yq TANT
from which are obtained
Ta Y;>2 T2 cos2 y (59)
—= = | = og2 = —
r (& ¢ 7 1 -e 29
and
T 7\ 72 2
“p . <_l> cos2 y = 1202y (60)
T Vp 1+ e

Additional relationships between v, a, b, c, d, e, p, T, ra/r, r/rp, ¥y, 8, and T
may be found in appendix E (see also figs. 4, 5, and 6).

Intra-atmospheric motion.- In the case of finite values of density, numerical
integration is required in order to obtain solutions to the equations of motion.
However, if, along with CDA/m, the flight-path angle is also held constant by
varying the lift-drag ratio so that the flight path is actually a logarithmic
spiral, an approximate analytical solution in closed form is obtained.® In this
case, equation (21) is approximated by

7 - é = JBr sin 7, (61)
v
to give the solution
- = V - — CpA -
V =V, exp 2V - 2a/Vs Vi exp <.D > 9 - A1 (62)
Br sin 7, em / B sin y,

or

Z = Zq éz + JE; V(sin 7,) in (62a)

1

<

6This solution is applicable only to roll-modulated lifting vehicles (e.g.,
see ref. 15) trimmed at constant angle of attack.
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From equation (22) is obtained the necessary variation in lift-drag ratic to
maintain the constant flight-path angle

=2
L2V cosy, (63)
D Br VZ
or
7 = ___.];_:f_._ cos 70 (63&)

Br V(1/D)
The expressions for Z given by equations (62a) and (63a) are essentially equal
to the 21 and Zyy solutions given in reference 1 for ballistic and glide vehicles,

respectively.

In the case of horizontal flight, where Yec = 0, a_special solution is
required, since equation (61) indicates only that Z ~ V. From equation (17), the

solution is found to be
= Zy S s
V., exp (JfBr = R
A 1

e (@) (), - () "

with the necessary variation in lift-drag ratio again given by equation (63).

<
It

In the case of low-speed (V << 1) equilibrium (or close to equilibrium)
flight near the end of the trajectory, where the flight path is nearly vertical,
equation (21) can be approximated by

JBr JBr

Z
Z' - = = = (65)
v 1 1 e _ 4
NBr 7z D
which has the following solution for constant values of ~JE; VZ or D/mg
oo [ ] o ()25 - 8)
V=V ex f—-~———~-—~ 1l ==——— )| =V, exp || 5= 1 -
LR BT JBr vz/) 0t em ) B D (66)
15)

As is shown in figure 7, a stepwise solution using equation (66) and successively
corrected values of Br VZ or D/mg provides good agreement with a numerical
solution of equation (21) for relatively low-speed vertical flight., Details of

the stepwise solution are to be found in appendix F.
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RESULTS AND DISCUSSION

As stated in the foregoing, with the exception of certain special cases,
solutions of the transformed equations of motion for atmosphere entry require the
use of numerical integration. Information pertaining to the method of machine
computation employed in obtaining the solutions presented herein may be found in
appendix D. The final form of the equations actually programmed for the IBM 70L
digital computer is that given by equations (36), (37), (38) and (39). However,
as 1s explained in appendix D, it was also necessary to program an alternate form
of t?ls set of equations for the computer as given by equations (Dl), (D2), (D3),
and (D4).

To present the solutions in as compact and yet as complete a manner as
possible, they have been tabulated in terms of values of V, Z, and related
quantities (see tables II - XX). Table I is an index of the various solutions
presented for Earth, Mars, and Venus.” For all three planets, ballistic or
nonlifting-vehicle solutlons are presented for various flight-path angles of entry
at circular orbital velocity (Vl = 1.0), and for a single angle of entry at sev-
eral supercircular velocities (Vi = 1.1, 1.2, 1.3, Jé J3, and 2.0 for Earth and
Venus; Vi = Jé Jé, and 2.0 for Mars). The s1ngle entry angle selected 8t each
supercircular velocity is that for which 7 =g 18 1.0. (In this case, the initial
flight-path angle can only be determined by trial and error.) This entry condi-
tion is nearly equal to that for which the maximum value of deceleration is a
minimum in the case of ballistic single-pass entry. For Earth and Venus, solu-
tions are also presented for entry at slightly supercircular velocitiles (Vl = 1.02,
1.04). These solutions enable the parabolic interpolation or extrapolation of
solutions at other nearly circular-orbital initial values of velocity which might
result during entry from deflected circular or nearly circular orbits close to the
planets (e.g., see fig. L4 for possible conditions of entry from various orbits).
If solutions at other initial values of flight-path angle are required, they may
also be obtained by interpolation or extrapolation. It is to be noted that the
solutions given for Earth and Venus differ only in the atmospheric rate of rota-
tion. Thus, the solutions given for Venus with zero atmospheric rotation also
apply to the case of entry into Earth's atmosphere with the assumption of zero
atmospheric rotation. The solutions given specifically for Earth and Mars are for
entry from equational orbits both opposite to and in the direction of rotation of
the planets.

In addition to the ballistic case, solutions are presented for 1lifting
vehicles in essentially decaying orbit entering the atmosphere of Earth and Venus
at lift-drag ratios of 0.5 and 1.0. These solutions are primarily intended to
provide an indication of the effects of atmospheric rotation of lifting entry.
Skip-type solutions Sresulting from entry at initial absolute flight-path angles
greater than about 1° at the chosen lift-drag ratio) are not presented, since they
are adequately covered in reference 1 for most purposes. However, certain results
obtained from skip-type solutions for supercircular ballistic and lifting entry
are presented.

7It is to be noted that, just as in the case of the Z-function solutions
presented in references 1, 2, and 3, the present results and solutions given
specifically for Earth or Venus, with no rotation of t gtmosphere, apply approxi-
mately to any planet for the same initial values of J(Br)@ 7i and NJ(Br)g L/D.
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Comparison With Other Solutions

There is found to be 1little difference 1n the solutions obtained by means of
the present method (for the case of zero atmospheric rotation) and those given by
Chapman in references 1, 2, and 3, for the range of conditions in which his solu-
tions are indicated to be valid. Ag a means of providing further information con-
cerning the basic approximations of reference 1 and the limitations thereby imposed
on the resulting solutions, an analysis is presented in appendix C. The general
results of this analysis indicate that increasingly greater errors should arise in
the approximate solutions of Chapman at lower values of U with more negative
values of L/D. This trend is apparent in the data presented in figure 8 wherein
several approximate solutions of reference 3 are compared with more accurate solu-
tions obtained with the transformed equations of the present report. For the
cases considered with positive values of L/D, the errors do not become serious
until values of T less than about 0.1 are attained and the flight-path angle
attains fairly large negative values. These trends are also indicated qualita-
tively in reference 1 and are i1llustrated quantitatively herein only to document
the analysis of appendix C.

Effects of model atmosphere used.- The comparison in reference 1 of one of
Chapman's solutilons (decaying-orbit type of entry with IL/D = 0.1) using an expo-
nential atmosphere with that obtained using the complete equations of motion and
the ARDC model Earth atmosphere of reference 11 is similar to that which would be
obtained with the present method of solution. That is to say that, as noted in
reference 1, the differences shown in this comparison are almost entirely due to
the differences in the atmospheres used in the two solutions and are not primarily
a result of any difference in accuracy of the equations used.

Further discussion of the accuracy of the Z-function method is to be found
in reference 2. It is noted therein that in the case of nonlifting entry the basic
differential equation for 2 (corresponding to eq. (27) or eg. (35) in the present
report) is independent of the parameter PBr and, thus, is independent of any vari-
ations in atmospheric temperature with altitude. As a result, ballistic solutions
obtained in generalized (V, Z) coordinates are applicable to nonexponential as well
as exponentlal atmospheres. However, some explanation of the manner in which these
solutions may be used to obtain adjusted motion and heating characteristics for any
given nonexponential atmosphere may be necessary. With L/D equal to O, the basic
differential equation will yleld solutions for Z' and Z as functions of 2 and/or
T for given initial values of ¥, %, and Z'. The corresponding values of V, Z,
and Z' in these solutions® are then essentially independent of the type of atmos-
phere considered and may be used to obtain nearly exact values of other quantities
of interest in the case of a given atmosphere and a specific vehicle (i.e., given
value of m/CDA). This procedure, however, is only practical for noncumulative
gquantities such as gas-dynamic deceleration, heating rate, etc., where 1t 1s rela-
tively easy to account for the local deviation in Br for the atmosphere considered

8Although values of Z' are not tabulated in the solutions presented herein,
they may be easlly obtained by using the approximate relationship

27T = % + JPr sin y
vV
where /Br = 30 for Earth and Venus.
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(e.g., see ref. 1) from the value used in the exponential approximation. For
integrated quantities such as total heat absorbed, distance, time, etec., it would
be necessary to apply factors to the results obtained by means of the Z-function
method to account for the variation in Br over the whole trajectory.

To evaluate further the degree of approximation involved in using an
exponential atmosphere, a comparison has been made for V3 or 1.0 between the
present solutions and solutions obtained with the complete equations of motion
and the model Earth atmosphere of reference 1l. These results are summarized in
table XXT? wherein data for three representative values of m/CDA are compared
at several angles of entry for lift-drag ratios of 0, 0.5, and 1.0. It is seen
that the effects of the approximation on integrated quantities, such as total
laminar convective heat absorbed and longitudinal range, are very small, amounting
to maximm errors of less than 5 percent in heat absorbed and less than 3 percent
in range. However, the effects of the approximation on the maximum values of
laminar convective heating rate and aerodynamic deceleration are generally somewhat
larger, resulting in errors of up to about 10 percent in some cases (i.e., for
certain values of m/CDA) for ballistic entry. For lifting vehicles, the same
trend exists in the heating results, but the maximum percent errors in the maximun
values of deceleration are even larger as a result of these maximum deceleration
values being lower. It is to be noted, finally, that these results may be used to
provide correction factors for specific vehicles which may be applied to the values
of maximum heating rate, maximum loading, total heat absorbed, and range indicated
in the tabulated solutions herein.

Motion and heating during initial phase of entry.- As has been previously
noted, one of the advantages of using the present equations in place of those
given in reference 1 is that motion and heating are obtained from the effective
beginning of entry rather than from some later point within the sensible atmosphere.
This not only obviates the difficult matching of flight paths (i.e., determining
the proper Keplerian ellipse to join to the atmospheric trajectory) but also per-
mits the calculation of heating for this transition portion of the trajectory. As
is shown in figure 9, for ballistic vehicles entering the atmosphere at circular
orbital velocity, the contributions to the total laminar convective heat absorbed
in this phase of the atmospheric trajectory are fairly significant, varying from
about 18 percent of the total at the smaller angles of entry to about 14 percent
at the larger angles.

As an indication of the problem encountered in attempting to join the proper
Keplerian ellipse to an incomplete intra-atmospheric trajectory, two specific solu-
tions for entry (Vi = 1.0, 7; = -lo, —MO) as given in table I of reference 1 are
considered., Portions of these approximate solutions are shown in figure 10 along
with the extended solutions obtained by integrating the nearly exact equations of
the present report in the reverse direction from the first tabulated values in
reference 1. It is to be noted that, in each case, the extended solution departs
significantly from that which 1is obtained by the approximate analytical method
given in reference 1. As a result, an accurate matching of the incomplete intra-
atmospheric trajectory to the proper extra-atmospheric ellipse would appear to be

SThe values of total laminar convective heat absorbed per unit area, Qe, and
laminar convective heating rate per unit area, q., given in table XXI are based
upon heating formulae given in reference 1 for the stagnation point with a 1-foot
radius of curvature.
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very difficult. It is suggested in appendix B of reference 1 that the matching
be done in the veloclty range of C.995 Ty to 0.990 Ty. If a value of, say,

0.995 i3 dis selected, then, according to the solutions for Keplerian motion sum-
marized in appendix C, it is possible to calculate the horizontal and vertical
distances to the point of apogee (assuming alsoc an altitude corresponding to
0.995 wy, say 60 mi.). When these distances are compared with those calculated
using the accurate numerical extension of the solutions, they are found to be
significantly in error. For example, the apogee altitude and range, for the case
of y3 = -10, are in error by about 27 and 2000 miles, respectively, and, for the
case of y; = -4°, by about 38 and 600 miles, respectively. However, there is a
simple way of reduclng these errors to negligible values or, egulvalently, of
determining the proper matching ellipse. From an inspection of the results pre-
sented in figure 10, it is found that, in both cases considered, a straight line
Jjoining the extreme points in the initial (analytical) step calculation of refer-
ence 1 intersects the Keplerian motion (vacuum-trajectory) curve at about 0.9991 oy .
Thus, if this value of U and the corresponding values of Z are used as the
connecting points in all cases where Vi or Wi is close to 1.0, it is possible to
obtain fairly good matching of the approximate solutions of references 1 and 3
with Keplerian ellipses. (The value of flight-path angle may be considered con-
stant, since it changes only slightly during ballistic entry between U wvalues
of W; and 0.995 ﬁi.)

Effects of Planet Rotation

Circular-velocity entry.- The effects of Earth's rotation on the deceleration,
range, and heating of both 1lifting and nonlifting vehicles during atmosphere entry
at clrcular velocity are to be found in the results presented in figures 11 through
14. Similar effects for nonlifting vehicles entering the atmosphere of Mars at
circular velocity are to be found in the results presented in figures 15 and 16.

In the case of Venus, the rate of rotatlon of the planet is considered to be too
small (e.g., see ref. 12) to cause any appreciable effect during entry.

In figure 11(a) it is shown that, for small-angle (y; = -0.5°) ballistic
entries into the Earth's atmosphere, the maximum deceleration is increased or
decreased about 8.5 percent from the zero-rotation value for entry opposite to or
in the direction of the rotation, respectively. In figure 11(b) it is shown that
there are corresponding changes of about 18 and 15 percent, respectively, in the
maximum rate of laminar convective heating per unit area and in the total laminar
convective heat absorbed per unit area due to atmospheric rotation. The effects
of abtmospheric rotation on these quantities at other initial values of flight-path
angle for entry at circular velocity are summarized in figure 12. It is to be
seen that the percentage changes In the maximum values of deceleration and heating
rates and in the total heat absorbed as a result of atmospheric rotation are
roughly the same at all angles of entry.

The effects of atmospheric rotation on the longitudinal range covered during
entry are also shown in figure 11(a). It is seen that, for the case of small-
angle ballistic entry at circular velocity, there 1s a slight increase in net
range (i.e., actual distance traversed on the surface of the planet) when entering
in the direction opposite to the rotation and a slight decrease in net range when

24



entering in the direction of the rotation. This result is due, of course, to the
fact that the movement of the surface during flight through the atmosphere is
slightly greater than the increment in absolute or gross range lmparted to the
vehicle by the rotation of the atmosphere.

To assess the effects of Farth's rotation on the motion and heating
characteristics of lifting vehicles during atmosphere entry, results of solutions
obtained with lift-drag ratios of 0.5 and 1.0 are presented in figures 13 and 1L
for the same initial conditions as those for the data of figure 11. From a com-
parison of the results presented in figures 11, 13, and 1L, it is seen that the
effects of Earth's rotation on the motion and heating during atmospheric entry are
generally quite similar in the lifting and nonlifting cases. The most notable
influence of L/D is in reducing the effects of atmospheric rotation on the maxi-
mum value of deceleration. Thus, with this single exception, there appears to be
no significant influence of L/D in either increasing or decreasing the effects
of planet rotation on the entry characteristics.

For Mars, the effects of planet rotation on the motion and heating
characteristics of nonlifting vehicles during atmospheric entry at circular veloc-
ity are seen in figures 15 and 16 to be similar both qualitatively and quantita-
tively (i.e., in terms of percentage changes of dimenslonless quantities) to those
for Earth. It is to be noted that the values of gas-dynamic deceleration in
figures 15(a) and 16(a) are given in terms of local values of the acceleration of
gravity in the atmosphere of Mars which are about 3/8 as large as local values of
the acceleration of gravity in the atmosphere of Earth.

Supercircular velocity entry.- The effects of Earth's rotation on the
deceleration, range, and heating of nonlifting vehicles during single-pass atmos-
phere entry at supercircular velocity are to be found in the results presented in
figures 17, 18, and 19. Similar effects for nonlifting vehicles entering the
atmosphere of Mars at supercircular velocity are to be found in the results pre-
sented in figures 20, 21, and 22. It is to be noted that the results shown in
figures 17 through 22 are presented not only to illustrate the effects of planet
rotation on the motion and heating characteristics of ballistic vehicles during
atmosphere entry at various conditions but also to illustrate the motion and heat-
ing characteristics at these various conditions. It is to be further noted that
the solutions presented in these figures for finite (positive and negative) values
of atmosphere rotation are for the same initial values of flight-path angle as the
corresponding solutions for zero rotation. Thus, these solutions for entry at
supercircular velocity with finite planet rotation are slightly different from the
tabulated solutions for which the initial value of flight-path angle was selected
in each case to give Vy—o = 1.0.

In figures 17, 18, and 19 it is shown that the effects of Earth's rotation
on the motion and heating characteristics of nonlifting vehicles during single-
pass atmosphere entry at Vi values of A2, /3, and 2.0 are generally similar to
those found in cases of ballistic entry at circular velocity. However, it 1s to
be seen that the percentage changes in maximum deceleration, maximum heating rate,
and total heat absorbed as a result of atmosphere rotation decrease slightly with
increasing values of V4. Furthermore, it is shown that, for initial supercircular
velocities considered, the effects of planet rotation on the net range traversed
on the surface during entry, although small, are opposite in sign to those found
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for small-angle entries at circular velocity. Thls reversal in sign of the effects
is explained by a change in the relative magnitudes of the two separate effects
operating simultaneously to produce the net range, namely, the effect of atmos-
pheric rotation on the gross range and the effect of planet rotation resulting in
movement of the surface.

For Mars, it is seen from a comparison of figures 20, 21, and 22 with
figures 17, 18, and 19 that the effects of planet rotation on the motion and
heating characteristics of nonlifting vehicles during single-pass atmosphere entry
at supercircular velocity are similar both qualitatively and quantitatively (i.e.,
in terms of percentage changes of dimensionless quantities) to those for Earth.
This is not surprising inasmuch as the dimensionless atmospheric rotation parameter,
Uy, 1s nearly the same for Mars as for Earth.

SUMMARY OF RESULTS

The two-dimensional equations of motion for atmosphere entry have been
transformed into a palr of first-order differential equations or a single second-
order differential equation in generalized coordinates. The transformation is
gimilar to that introduced by Chapman in NASA TR R-11 and is based on the assump-
tion of an exponentilal atmosphere. However, whereas the final equations derived
by Chapman are approximate in the sense that two terms in the initial equations
are disregarded, the final equations derived in the present analysis depend on no
such approximations. While, in general, these approximations cause no serious
deficlencies in the solutions to the major motion and heating of the vehicle, there
are certain significant benefits to be derived from the inclusion of all terms in
the equations. The primary advantages of using the transformed equations of the
present report rather than those of reference 1 may be summarized as follows:

(1) The equations may be used without any mathematical restriction as to
boundary values exceplt that a finite density 1s requilred.

(2) Motion and heating are obtained from the effective beginning of entry
rather than from some point where gas-dynamic drag has reduced the
velocity a certain arbitrary amount.

(3) No special matching of flight paths is required between that in essen-
tially free space (at any arbitrarily low value of density) and that
within the sensible atmosphere (where gas-dynamic forces are significant).

(4) Motion and heating may be obtained for the terminal phase of entry even
in cases where the absolute values of flight-path angles and lift-drag
ratios are relatively large and/or the horizontal component of velocity
is relatively very small.

(5) Effects of atmospheric rotation are included for entry from orbits having
small angles of inclination with respect to the plane of the equator.

(6) The acceleration of gravity is properly treated as a variable function
of radial distance from the planet center.

26



General machine-computed (IBM 70L4) solutions of the transformed equations
are presented in graphical and tabular form for various conditions of entry (i.e.,
initial values of flight-path angle and velocity) from which solutions at other
initial conditions may be cobtained by interpolation or extrapolation or both.
These solutions are primarily for ballistic vehicles and include entries at cir-
cular and supercircular velocitles into the atmospheres of Earth, Mars, and Venus.
Because effects of oblateness have not been considered, the solutions presented
are strictly valid only for entry from equatorial orbits. However, since effects
of atmospheric rotation have been included for this type of entry, the solutions
presented are nearly exact (i.e., within the limitation of the assumption of an
exponential atmosphere). Moreover, since in the nonlifting case the transformed
equations are essentially independent of variations in atmospheric temperature
with altitude, the ballistic solutions presented in generalized coordinates are
applicable to nonexponential as well as exponential atmospheres when properly
adjusted for variations in atmospheric scale height.

In addition to intra-atmospheric solutions of motion and heating, a summary
is also presented of analytic solutions for Keplerian (two-body, point-mass)
motion cutside the sensible planetary atmospheres. Since these extra-atmospheric
solutions may be directly linked to the intra-atmospheric solutions, they are use-
ful in extending the vehicle trajectory out into space for a specific case of entry.

It has been found in an inspection of the results for laminar convective
heating during entry at circular velocity that a significant amount (up to about
18 percent) of the total heat absorbed is absorbed between the point of maximum
velocity during entry and the point where the velocity has been reduced about one
half of 1 percent from this maximum value by gas-dynamic drag (i.e., the specified
condition for applicability of Chapman's solutions). It has also been found that
there are significant errors in the altitude and range to the apogee point of the
extra-atmospheric trajectory due to joining a Keplerian ellipse to the intra-
atmospheric trajectory at the point where the velocity has been reduced about one
half of 1 percent by gas-dynamic drag rather than joining at the point of initial
entry.

From a comparison of numerical solutions of the equations of motion (in
conventional coordinates) obtained using both an exponential atmosphere and the
ARDC (1956) model Earth atmosphere, an evaluation of the degree of approximation
involved in the use of an exponential atmosphere has been obtained. As would be
expected, the effects of the approximation on integrated quantities such as total
laminar convective heat absorbed and longitudinal range are very small, amounting
to less than S-percent error in heat absorbed and to less than 3-percent error in
range. However, the effect on the maximum values of laminar convective heabing
rate and gas-dynamic deceleration are generally somewhat larger, resulting in
errors of up to about 10 percent in some cases (i.e., Tor certain values of m/CDA
and yi) of ballistic entry. In certain cases of lifting entry, where the maximum
values of deceleration are lower than in the corresponding cases of ballistic entry,
the percentage errors in maximum deceleration are even larger.

From soclutions for entry into the atmosphere of Earth with and without
rotation considered, it has been found that there are significant effects of planet
rotation on various gquantities of importance. In particular, it has been found
that, for entry at circular velocity from equatorial orbits in the direction
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opposite to the rotation, there are increases of up to about 8.5 and 18 percent,
respectively, in the maximum values of deceleration and laminar convective heating
rate. Effects of about the same magnitude but of opposite sign have been found
for entry in the direction of the rotation. Corresponding changes in the total
laminar convective heat absorbed have been found with increases or decreases,
depending on the direction of entry relative to the rotation, of up to about 15
percent of the zero-rotation values for initial flight-path angles of from -0.5°
to -10°. Because of the rotation of the planet along with the atmosphere, the
effect of Earth's rotation for lifting and nonlifting entry at circular veloclity
and at small flight-path angles 1s to increase the net range (or actual distance
traversed on the surface) slightly for vehicle motion opposite to the direction of
rotation and to reduce the net range slightly for vehicle motion in the direction
of rotaticn. For entry at supercircular velocity, similar effects of planet rota-
tion have been found with respect to maximum values of deceleration and heating
rate and to total heat absorbed. However, although small, the effects of planet
rotation on net range were found to be opposite in sign to those for entry at
circular velceity. For Mars, the effects of planet rotation have been found to
be similar both qualitatively and quantitatively (1.e., in terms of percentage
changes of dimensionless quantities) to those for Earth. (For Venus, the rate of
rotation of the planet is apparently too low to be of any significance during

atmospheric entry.)

Ames Research Center
National Aeronsutics and Space Administration

Moffett Field, Calif., Oct. 10, 1962
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APPENDIX A
CONDITIONS FOR SINGLE-PASS BALLISTIC ENTRY

From ballistic solutions for Vi between 1.0 and 2.0, it has been possible
to define initial conditions for single-pass entryl of nonlifting wvehicles into
an assumed nonrotating atmosphere of Earth (or Venus) as shown in figure 23. 1In
the case of a rotating atmosphere, the initial conditions for single-pass ballis-
tic entry are essentially the same as those shown for the nonrotating case with
the initial vslues of flight-path angle differing by less than 9.050. The dashed
curve in figure 23 indicates the initial conditions for which Vg 1is 1.0, and
the solid curve indicates those for which 77:0 is 1.0. According to the usual
definition, the former specification is that which provides the boundary between
single-pass and multiple-pass entry. However, it is seen that there 1s very little
difference between the two curves, indicating the high degree of sensitivity to the
initial flight-path angle at all supercircular velocities.

To illustrate the corresponding variations in gas-dynamic loading during
single-pass ballistic entry, a set of comparisons is presented in figure 24 of the
deceleration profiles for the conditions represented by the two curves of figure 23
at V; =42, J3, and 2.0. An additional deceleration profile is presented for the
case of Vi =2, for the condition of (~ar/g)pay DPeing a minimum over the entire
trajectory. It is seen that for Vi = JE; this condition is essentially coincident
with that where Vgy 1is 1.0. However, it appears that for vi = 2.0, the condi-
tion of (—ar/g)maX being a minimum occurs at_an initial flight-path angle less
(in the absolute sense) than that for which Vox 1s 1.0, so that a multiple-pass
entry is required. These results are in good agreement with those presented in
reference 2 which indicate that the least possible maximum value of deceleration
for single-pass ballistic entry occurs at a hyperbolic velocity of V; = 1.48. A
discussion of physical reasons for this result and for the generally beneficial
effect of supercircular velocity in reducing the maximum value of deceleration
from that for entry at circular velocity is also to be found in reference 2. From
a comparison of the present_results with those of reference 2, it seems likely that
the condition of entry at V; = 1.48 which produces the minimum value of (~ap/8)max
is essentially that for which Vy=¢ 1s 1.0. It is to be noted finally, from the
results presented in figure 2k, that the exit values of flight-path angle for the
condition og Vex = 1.0 increase slightly with increasing values of Vi but are
less than 2 1in all three cases considered.

lSingle-pass entry is defined as that for which the exit velocity, if it
exists, is equal to or is less than the local circular orbital velocity.



APPENDIX B
LIFTING ENTRY AT SUPERCIRCULAR VELOCITY

As a means of presenting a large amount of data as compactly as possible,
some results of many solutions cbtained for lifting eniry into an assumed nonro-
tating atmosphere of Earth {or Venus) at three supercircular velocities (V; =42,
J?, and 2.0) are presented in figure 25. In this figure the abscissa gives the
initial flight-path angle at entry and the ordinate indicates the flight-path
angle at which V_ is 1.0. Constant values of L/Q are indicated ranging from
-0.5 to 0.5 for Vi of J2, from -0.3 to 0.3 for V; of /3, and from -0.3 to 0.2
for Vi of 2.0. Also indicated are lines of constant maximum gas-dynamic loading
with (-ap/g)max Tanging from 3 to 40, from 6 to 60, and from 10 to 80 for Vi
values of 2, Jg, and 2.0, respectively. For negative values of LZD, these maxi-
mum deceleration values apply only for that portion of entry from Vi to V of
1.0. The dashed line in each part of the figure indicates the limiting initial
and final conditions for single-pass entry (viz., those values of 7; and Yex
for which Vgn is 1.0).

Several interesting cobservations may be made with respect to the results
presented in figure 25. First of all, there is a marked reduction in the depth of
the entry corridor (i.e., range of permissible initial flight-path angles or
vacuun perigee radii for single-pass entries) with increasing initial velocity.
For lifting entry at parabolic velocity (Vi = 2), a corridor depth of asbout 2° in
initial flight-path angle is obtained when a constraint of 10g in maximum decel-
eration is imposed. For cases of lifting entry at Vi wvalues of J§ and 2.0, the
corresponding corridor depth (based on the 10g constraint) is reduced to 73
ranges of about 0.75° and 0.5°, respectively. Second, it is to be noted that, in
all three cases considered, the limiting conditions near the overshoot boundary
for single-pass entry are not very well defined; extreme sensitivity to perturba-
tions in initial conditions is characteristic of atmospheric entry under conditions
of negative L/D. This sensitivity is indicated in the results presented in fig-
ure 25 by the nearly vertical slopes of the curves for negative IL/D as the
multiple-pass boundary (also single-pass boundary) is approached. Third, it is to
be noted that, in all three cases considered, the exit flight-path angles within
the 10g entry corridor are considerably smaller than the absolute initial flight-
path angles. Moreover, the maximum exit flight-path angles (which correspond to
conditions along the undershoot or 10g boundary) are considersbly reduced as the
initial velocity is increased. The importance of this effect is that, as may be
seen from an inspection of the flight conditions for various Keplerian ranges in
figure S(b), at smaller exit flight-path angles the skip range 1s considerably
more sensitive to perturbations in the exit conditions of flight-path angle and
velocity as well as to perturbations in the flight conditions at any other point
along the trajectory.
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APPENDIX C

CHECK ON APPROXIMATIONS MADE IN CHAPMAN'S ANALYSIS

The basic approximation (a) of the analysis presented in reference 1 can be
expressed as

I%«KI _ ’%r'l ~ ulsin 7] _ Vlsin 7| <« 1 (c1)
N P

which requires that the ratio of the fractional change in distance from the planet
center to the fractional change in velocity be small compared to unity. However,
a more rigorous expression of this ratio is found to be

Vlsin 7|
dr —_—
H JB 2
Wl s (c2)
ey A L A PR
Br Z
which approximately reduces to that gilven above when
V sin L
LT pltan 7| <1 (c3)
JBr 7
or
U sin L
7_+5tan7 << 1 (C3a)

JBr 7,

It is to be noted that this general specification, requiring the ratio given by
equation (C2) to be much less than unity, incorporates both approximation (a) and
approximation (b) of reference 1.

An alternate check on the accuracy of the approximate method of reference 1
is obtained by determining the ratio of the horizontal component of deceleration
computed by the approximate method to that computed using the complete equation
of motion. This ratio is found to be

(%)
dt /¢ _ 1
du E—-S-EE—Z—+1+ L tan 7
dt i)
BT Z

(ck)
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and, for good accuracy at small to moderate flight-path angles,

(&),

du =1 (c5)
dt

so that again
+ = tan ¥ |<< 1

JBr 7 D

is a necessary condition. This latter specification, equation (C5), is more

pertinent than the former one, that of requiring Igﬁ;ﬁ

to have expression (C3) satisfied and yet have ratio (C2) be the order of unity.
However, this situation is more or less academic, since it occurs only when

’ V sin 7 L (03)

<< 1, since it is possible

V sin 7 -

JBr Z

so that negative values of L/D and relatively large absolute values of 7 are
required.

L
- § tan ¥y ~ £1 (cé)
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APPENDIX D

NUMERICAI, INTEGRATION OF TRANSFORMED EQUATIONS OF MOTION

To obtain solutions to the transformed eguations of motion given by
equations (36) and (37), they were programmed on an IBM 704 digital computing
machine using the floating-point Adams-Moulton, Runge-Kutta method of numerical
integration (SHARE program RWDE2F) . For each complete solution fixed inerements
were used in the independent variable V and were varied in size for different
portions of the integration. The size of the increment for a given range of V
was based roughly on the expected average value of deceleration and/or on the
expected variation of flight-path angle as found in preliminary integrations.
That is to say, larger values of IANI, up to 0.09, were used in portions of high
deceleration, and smaller values of IAVl, dovn to 0.000001, were used in portions
of very low acceleration or deceleration where the flight-path angle changed
noticeably. As many as 10 different increment sizes could be included in each
integration, the various sizes required for no appreciable integration error being
determined by trial and error. The initial values of 7 for given initial values
of V were teken as Z; = V;x10™%, so that

[/C B ~
Dy = L(—%AD QV‘Q]. = ./Br ViZsigq = “’BT ViEginO_S
1

and, consequently, the initial values of gas-dynamic drag at given values of Vi
are not equal for the solutions presented for entry into the atmospheres of Earth,
Mars, and Venus.?t

Inasmuch as a singularity develops for ﬁa <.J§ just after integration is
vegun (i.e., V= Vpax, Z' = ©), it was necessary to integrate over the initial
portion of each such trajectory using an alternate set of equations having Z
as the independent variable. These inverse equations were obtained from the
original equations by simple inversion and cambination and are given by

170 have equal initial values of gas-dynamic drag at given initial values of
V, 1t would be necessary to assume initial values of 7 given by

- -1
Const. XVji
Zl =
V(ﬁrj@ a3
so that _
Z; = Const./Vi (for Earth)
Z; = 5.6 Const./V& (for Mars)
zZ; = l.12 Const./V£ (for Venus)
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v ) . —-—2( L
a7 1 7 (1 - :T) sin 7 + /Br V. {1 - 5 tan 5) cos ©
=z - —= , A T (p1)
az./dv [1+V2(Br-l)]sin7+ Br = ¥, (]_+'D'tan5)COS5
_ v 1 - 7) Br V.% L. tan 8) cos &
T _gay dV_ Z SRV TN ' \D (p2)
4z avaz [y, 7P ¢ 1] 1 22 L
+ Br - } sin 7 + JBr 7 Vp (L + 3 tan &) cos B
where
V2 =V + 05" - 2Vhg cos ¥ (D3)
and
. _ ug _.
sin & = & sin 7 (Dh)
Vr

In this case, the increment size of the independent variable Z was also varilable
and was determined by specifying a constant K and using

& = Ky (D5)

Zz Zl + N (Dé)

il

where K was generally taken to be 0.l. Since it was desirable to obtain the
solutions in terms of even values of V for purposes of convenience in tabulation,
the inverse equations were only used to obtain values of V, Z, and ¥ beyond the
point of maximum V where the solution could be continued using the original
equations. It is to be noted that for entry along parabolic or hyperbolic orbits
the value of V does not increase initially, as in the case of elliptical orbits,
and so use of the inverse equations is unnecessary.
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APPENDIX L
SUMMARY OF USEFUL RELATIONSHIPS FOR TWO-DIMENSIONAL EXTRA-ATMOSPHERIC MOTION

GENERAL PROPERTIES OF ORBITS

Elements of an Orbit

A two-dimensional orbit is one for which the plane of the orbit is considered
to be invariant. As was discovered by Kepler (e.g., see ref. 14), the orbit of =
point mass moving in a central force field is a plane conic section with the par-
ticular kind of conic section (i.e., circle, ellipse, parabola, or hyperbola)
being a function of the two dynamical parameters h and E, namely, the angular
momentum per unit mass and the total energy per unit mass. In addition to these
dynamical constants, the elements of an orbit consist of values of velocity, time,
and orbit geometry. To define the actual size and shape of a particular orbit, it
is only necessary to specify any two of its independent geometrical elements
(e.g., a and b, a and e, ¢ and d, or p and rp). However, if local values of
orbital motion or geometry (e.g., local velocity, flight-path angle, polar angle,
or radial distance) are used solely or together with any one independent geometri-
cal element, then the specification of three such elements is necessary to define
the orbit.

Classification of Orbits
From the principle of conservation of angular momentum, it follows that

h=r2% = yy = vV cos 7 = const. (EL)
dt

and

=V cos” ¥y =-— (E2)

From the principle of conservation of energy, the sum of the kinetic and potential
energy per unit mass of a body moving in a central force field is constant, so that

~ _ VR u_u(\—/‘g >_
E—K+P—E-?—'r— —E—”l—COHSt- (ES)
and
-
v =2(—E§+1) (E4)

according to the convention of defining the zero level of potential at infinity.
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From equation (57a), it is seen that the eccentricity of an orbit is given by

e = J& - 72(2 - 7) cos” ¥ (E5)

or, substituting equations (E2) and (E4) into equation (E5), by

2
e = 1+2i3; (E6)

Thus, the particular kind of orbit in any case of two-dimensional motion may be
classified as follows into one of four types, depending on the value of total
energy per unit mass. (The corresponding values of dimensionless velocity may
also be obtained by using egs. (E2) and (E4).)

- Total energy Dimensionless

Orbit type per unit mass Eccentricity velocity
p= <

Circle E = « e e =0 v=1
2112

Ellipse E<O e< 1 V<2

Parabola E=0 e =1 V=2

Hyperbola E>0 e >1 vV >.J2

In the case of closed and finite orbits (either circular or elliptical), an
additional element is the period of orbit. From equation (E1), it follows that

27
1 J r2a6
n

o)
2nab

1
1]

1!

(for general case of elliptical orbit)  (ET)

and, since
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GEOMETRICAL PROPERTIES OF ORBITS

Circular Orbit

1), the following relationships

]

In the special case of a circular orbit (V
and values are obtained:

a=r Tg = T
b=r Tp =T
c = 0 =0

tu
d=o 6= pons=5

T r

3 r
e =0 oo |22 EE

K Ue
p=r

Elliptical Orbit

In the case of an elliptical orbit (0 < V< J§ ), the following relationships
are obtained:

J/Q - %; (1 - e) r, = a(l + e)

v

11

a:————r—,zr_ T a(l—e)

1l +e cos @
T
1 /1-e2 /(l+e)'r‘
c = ae cos ¥y == =
T4 o ._72 Je-(l- y I
= . P
s
d:ij;_-lh—glrp Sinezw
e 2e
V2 1
e=jl-72(2—72) cos® 7 cos 6 = cose7-
a3 21a
= - 22 = —_—=
p=a(l -e?) =(1+ e)rp =2t [ Yora

As is shown in Tigure 6, the relationships between dimensionless velocity,
flight-path angle, polar angle (true anomaly), and eccentricity are especially
simple at certain discrete points in the orbit. It is to be noted that there is
symmetry about the major axis of the orbit so that all values of dimensionless
velocity and angle are functions only of eccentricity and/or radial distance.

37



Parabolic Orbit

In the special case of a parabolic orbit (V = Jé), the following relationships
and values are obtained:

a = o« r, =
r
d = ary rp=§(l+cos )
e = 1 T
cos ¥ = |2
p = 2rp r
g = 2y

Hyperbolic Orbit

In the case of a hyperbolic orbit (v >,J§), the following relationships are
obtained:

= _ [ T _ r(l + e cos 0)
v «/ e+ rp(e 1) Tp 1+ e
(1L + e) D
- Y 7T =
d € P g l+ e cos 8
2,2 T
e = J[i + V(V - 2) cos® 7y 1 fe2 _ 1 (1+e) &+
cos y == [Z3—= =
VJyve -2 2+ (e -1 %—
p=(1+ e)rp D
sine:VEZfEV
G2 2
cos 9 = Coi r - L
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APPENDIX F
APPROXIMATE ANATYTTICAL SOLUTICNS FOR VERTICAL BALLISTIC DESCENT

In the case of a nonlifting vehicle descending vertically in the atmosphere,
the motion is deseribed by eqguation (21) with 7 = —900, so that, considering
Br = const. >> 1,

v U Z NBr
ot - == — (Fl)
Vo o1-T/e_,
JBr VZ
— — Ve
If JBr VZ >> |1 - = , equation (Fl) reduces to
Z _
zt - == - [Br (F2)
v
and the approximate solution is given by
7 =2, & +JBr V In A (F3)
vy Va
or
v=vlexp _2‘_ _Z.__}:-g (F)-l-)
N/ﬁl‘ Vl v
— 7e
When fBr VZ ~ |1 - —| , it is possible to obtain an accurate stepwise
L . 2 , 1- V32 :
solution for the motion by considering the term — in equation (Fl) as
JBr VZ

being constant for small ranges of V and Z, The solution of equation (F1) with
this restriction is given by

v v
7= 7y e 4 n = (F5)
Vl Vl
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or

o 2
7o T | (B D( L) (%)
\/TB? Vi v \/E;V-X-Z*

where V, and Z, are intermediate values in the interval or step. ZThe stepwise
process of finding the solution consists of assuming a change in Z given by C=
v v
(where € << 1), so that
7, Z
v '
and, also, that V* and Zy are defined by
- = V- Vv, - V
Ve=T+2——0-3N-To (v8)
2 2
Z
——*=<1+9>:71—l (79)
V* e Vl
so that
zZ, {3V, - T\
v C\ “1 1~ Yo
Vi, ={l+2)})=—=——
*%% ( 2>V1( 5 ) (F10)

where the subscript o refers to the value obtained in the previous step. Thus,

from equation (F6) successive values of V and % (? V:%\\ are obtained with a high

, Vv
order of accuracy as illustrated by the results presented in figure 7 (for which
C = 0.2). It is to be noted that the stepwise solution may be extended in the
opposite direction by simply reversing the sign of C.

In figure T it is seen that the solution for the case considered first crosses
and then merges with that for the vertical equllibrium-flight condition in which
the drag of the vehicle i1s equal to the force of gravity, and so

Br VZ = 1

Thus, the curve for the vertical equilibrium-flight condition divides the V-%
plane into two regions: those where the drag is greater than and less than the
weight of the vehicle. It may be noted that, at or very close to the point of

intersection of the equilibrium-condition curve and any solution, V attains a
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maximum value and, consequently, Z' is infinite. This is the condition to
which reference is made in appendix D and for which it 1s necessary to use the
inverse equations of motion in obtaining numerlcal machine solutions.

For vertical descent in the absence of any appreciable atmosphere, the motion
is described by equation (15) with p = 0, so that

— —2
Tfrgl’=l’2—-1 (F11)

Upon integration of equation (F1l), the relationship between dimensionless velocity
and radial distance for vacuum free fall in a central force field where the force
of attraction varies inversely as the square of the distance is found to be

g’f2=1+1”_(@_2-1) (F12)

and, when the initial value of velocity is O,
72
T =1 - =
5 o (F13)

It is to be noted that equation (F12) can also be expressed as

-V r
2=V D (F1k)
ry 2 _ Vi ry
where 7y is the altitude from the surface, and rg, is the radius of the planet.

To transform the vacuum free-fall solution given by equation (F12) into V,
7 coordinates, it 1s only necessary to substitute eguation (F14) into

Zis NE
Z=Lexplpr)(2 - L (F15)
Vv Vi Ty s
and, consequently,
== T2

7. Z V? - Vs
O [ (——_12 (F16)
vV Vi 2-V

This solution is also indicated in figure 7. In this case, the initial values of
V and Z were obtained by extending the stepwise solution downward to a value of
7 equal to 0.010, so that

vi =0 00773

2y

Il

0.0100
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and, consequently,
Di
mgi

which are practically equivalent to zero-drag conditions.

= JBr ViZ; = 0.0232 (for .JBr = 30)

It may be noted that the differential equation corresponding to equation (F16)
is found by differentiation to be

;T .

z. ke (m1)
Yoy E
2

2 -

which, for Vi << 1, is essentially equal to that obtained by considering
1--V§>> Br Vz = 0 (F18)

in equation (F1),



10.

11.

12.

13.

REFERENCES

Chapman, Dean R.: An Approximate Analytical Method for Studying Entry Into
Planetary Atmospheres. NASA TR R-11, 1959.

Chapman, Dean R.: An Analysis of the Corridor and Guidance Requirements for
Supercircular Entry Into Planetary Atmospheres. NASA TR R-55, 1960.

Chapman, Dean R., and Kapphahn, Arline K.: Tables of Z Functions for
Atmosphere Entry Analyses. NASA TR R-106, 1961.

Allen, H. Julian, and Eggers, A. J., Jr.: A Study of the Motion and
Aerodynamic Heating of Ballistic Missiles Entering the Farth's Atmosphere
at High Supersonic Speeds. NACA Rep. 1381, 1958.

Gazley, Carl, Jr.: Deceleration and Heating of a Body Entering a Flanetary
Atmosphere from Space. Rand Rep. P-955, 1957.

Nielsen, Jack N., Goodwin, Frederick K., and Mersman, William A.: Three-
Dimensional Orbits of Earth Satellites Including Effects of Earth Oblateness
and Atmospheric Rotation. NASA Memorandum 12-4-584, 1958.

Wong, Thomas J., and Slye, Robert E.: The Effect of Lift on Entry Corridor
Depth and Guidance Requirements for the Return Lunar Flight. NASA TR R-80,

1961.

Linnell, R. D.: Vertical Re-entry into the Earth's Atmosphere for Both Light
and Heavy Bodies. Jet Propulsion, vol. 28, no. 5, May 1958, pp. 329-330.

Wingrove, Rodney C., and Coate, Robert E.: Piloted Simulator Tests of a
Guidance System Which Can Continuously Predict Landing Point of a Low L/D
Vehicle During Atmosphere Re-entry. NASA TN D-787, 1961.

Kennard, Earle H.: Kinetic Theory of Gases, With an Introduction to
Statistical Mechanics. MeGraw-Hill Book Co., Inc., New York, 1938.

Minzner, R. A., and Ripley, W. S.: The ARDC Model Atmosphere, 1956. Air
Force Surveys in Geophysics no. 86, Air Force Cambridge Research Center

TN-56-204%, 1956.

Jensen, Jargen, Townsend, George, Jr., Kraft, Donald, and Kork, Jyri: Design
Guide to Orbital Flight. MeGraw-Hill Book Co., New York, 1962.

Victor, W. K., Stevens, R., and Golomb, S. W., eds.: Radar Exploration of

Venus: Goldstone Observatory Report for March-May, 1961. JPL Tech. Rep.
32-132, Pasadena, Calif., Aug. 1961.

k3



14. Moulton, Forest Ray: An Introduction to Celestial Mechanics. The Macmillas
Co., New York, 191k.

15. Imidens, Roger W.: Flight-Path Characteristics for Decelerating from Super-
circular Speed. NASA TN D-1091, 1961.

L



TABLE I.- INDEX OF TABULATED SOLUTIONS

Table

No. Planet Vi Ug, =73, deg L/D | Page No.
II Earth 1.00 -0.06 0 46-5k
0.5, 1.0, 2.0, 3.0, 4.0,
5.0, 6.0, 8.0, 10.0
III Earth 1.00 .06 0 55-63
v Earth 1.00 -.06 0.5 0.5, 64,65
1.0
v Earth 1.00 .06 0.5 0.5, 66,67
1.0
VI Earth 1.02 -.06 0 68-Th
2.0, 3.0, %.0, 5.0, 6.0,
8.0, 10.0
Vi Earth 1.02 .06 0 75-81
VIII { Earth 1.0k -.06 0 82-87
3.0, k.0, 5.0, 6.0, 8.0,
10.0
IX Farth 1.04 .06 o 88-93
X Earth -.06 0 9k-99
1.10, 1.20, 1.30, ? hich V.. .=1
1.4, 1.73, 2.00 those for W 7=0
bal Farth .06 0 100-105
XII Mars 1.00 -.07 0 106-10%
5.0, 10.0, 15.0, 20.0
XIII | Mers 1.00 .07 ¢ 110-113
XIV | Mars -.07 0 114-116
1.41, 1.73, 2.00 those for which Vy=g=1
XV Mars 07 ¢} 117-119
XVI Earth 1.00 0 0.5, 1.0, 2.0, 3.0, 4.0, 0 120-128
or 5.0, 6.0, 8.0, 10.0
Venus
XVII | Earth 1.00 0 0.5 0.5, 129,130
or 1.0
Venus
XVIII| Barth 1.02 0 2.0, 3.0, 4.0, 5.0, 6.0, o} 131-137
or 8.0, 10.0
Venus
XIX | Earth 1.0k 0 3.0, k.0, 5.0, 6.0, 8.0, 0 138-143
or 10.0
Venus
X Earth 1.10, 1.20, 1.30, 0 those for which V7=o=1 0 1h4h-149
or 1.%1, 1.73, 2.00
Venus
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TABLE II.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; V4 = 1.00, Ty = -0.06, 23 = V4x10°%, Br = 900

(a) 7y 07

-0.5%, e

="0.00873

SRR

EREE

N

1 Looum
1 . 003585
1. LOURTO T
1. . OOHE:
Tai o 005182

LG15247

L1566 B, O 015351
.43 2ook8e 015451
L:360  2.0585
.58 2,067 e
157 2.0756 s Rebirt
..058  2.083 L D1584¢
961 2.0899
868 20981
CTE 2,108
. &9 21070
2.17
2,115
2,125
L399 2.1230
L6330 2.1260
RT3 2,1286
221 2,130
175 2.1330
135 21387
100 2.1%1
285 2.13%8
e 21378
LI05T 2139
LoQWE 2,1388
w35 2.1389
. CRS0 L5181 21.8R 2,13907
L0800 L5042 23.15 2,13930
L0380 L3013 24,05 2,13940
L 00 L5087 25.24 RS
L0350 .5071 26.03 2.13958 Lo 1.45308
030 5180 27.16 2.13965 Lo 1.9,
0333 5413 28.59 2.13975 T 119310

v . - -3 3 % '
! deg : = sec -
1.0000 1.6 2. 0000010 a7 . 0000 L9010
1.0005 i3 . 853 . GooK 019
1.0010 1. usg . once 3030
1.0015 ENERD 541 o0k - 2049
1.0000 1. 405 .o L X095
1,000 Loy 388 0036 0123
£395 » 0055 -0153 L0
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: 365 KU L 0ekg
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i 361 =il DE0L
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L9380 3 L3 LB u3s3 237R .o
970 1.0 .278 . 356 5 L W11 LG
560 i 388 73 L0871 Wy R
9950 1. .39 376 LO5% WTO -t

16,70
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TABLE II.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTTC ENTRT INTO
ATMOSPHERE OF EARTH; Vi = 1.00, Ty = -0.06, Z3 = V4x107°, pr = 900 - Continued

(b) 74 = -1.0% e4 = 0.01745

ki ¥ i 3 o 3 oy
r s * = sew i r
10000 1,000 0,002 O Q 0 0,000
1.0005  LOEds .2 000
1.0010  LOE10 95,1 000
1.0015  LOE1% .3 . 000
1.0020  1.06.C N4 001
1.00250 L.OCPAG .z oo
10020 10T
1.0015 1,061
10010 LOELO
1.0005 L0605
1.000C 1.063C
10800 Lot
1.05%0 ol
1,0570 [
1, 6560 .10
1. 0550 L1
1.0540 1529
1.0530 L1680
1. 0520 L83
1.0510 L1982
1, 050C 213
1. 0480 o3
1. 0460 =
1. 0hk0 . 308
1.04%20 . L33 129! .
1.0u00 LOLLOLT 1.ou %5 (61873 .010%9
g730  1,0350 LOL3421 1,043 . L2 L6317 L0103
G700 1,030 . 015863 1.083 1L .520 L6R15) L OLOTE
9650 10250 018377 Lue L .600 L€5032  .OLOK5S
o600 1.0200 . 02095 1153 L. L681 65797 L0110
.9550  1.0150 02359 1.188 nnd .76k LEELTO 011G
9506  %.Cl00 . 02630 1,22% 1151 BT LBTOTL L OL137C
9400  1,0000 . 03190 1295 1. 1.018 .6810L 1.618
9300 . 1.7 1. 1.19% 68959 1.218
9200 . 5800 1.438 . 1374 .£5689 1.430
9100 G700 1509 L 1,557 .70320 1.655
coou L9600 1.580 1. 1745 L 70BTY 1.593
88o0 .95 1.7 1. 2.13 71805 o4
8600 9200 1.8 1 2,52 7251 EX
8LOO 9000 2 L 2,92 73192 3
8200 L8800 2. 2. .33 137127 . 299
80oo 8600 2, a2, 3.73 . Th1g0 5.050
7800 .BLOC 2,43 2,2 414 LTH5G 87
TED .B19% 2.58 2,39 1, 5h TH551 5,753
TUO0 L7999 2.73 2,57 hogh 75270 7,712
eec JTTHR 2.88 2.65 5.3 75556 .0L3987 3,748
7000 7399 .02 2.79 5.79 . T581% . 014120 3.86E
€800 ) 3,18 2.93 6,06 L TE052 Nottt) 1L.OT1
6600 LTI 3,34 3 €.51 .68 L 014372 12,370
£400 .69 3.5L 3 E.Th LT6UET . OLBhOYL 13.767
f200 LET99 3.E8 3, .06 L TEES0 . 014606 15.27L
~000 LE599 3.85 3. 7.3 . 6820 .08 16,801
£33 .ol 3.8 T.63 . TEITS . cukgay
L6198 5.23 3.6 7.88 LT7LET . Cnho3k 0.
. 5998 b2 3.4 8.11 L7265 .O015038 22,5,
5798 463 4 231 L7795 L0158 4. 71
5598 4.85 Y32 8 g LTTSLT . 015242 7,076
L5398 5.8 8.63 TIE32 . 015342 29,625
L5158 5.33 8,75 TTTHL oS 32,385
- 498 5.59 8.8 Tr8k3 015539 35,378
LU79T 5.87 8.89 STT541 .015637 38.632
L3597 6.37 8.91 .7803k . 015735 k2,177
L5397 E.hg 8,90 . 78122 .015832 )
(k196 6.85 8.86 78205 015930 50,291
. 39% 7.23 5,17 .78285 016029 54,955
3T 7.66 B.66 L7831 L0118 50,100
L3595 8,14 B.50 LTk L 015229 £5. 804
334 B.&67 Tl 8. 78503 .OLE33L 72157
o 9.8 T4 8 L8570 . OMEME 79.276
2993 9.97 7.9 . 78633 . 016543 87,305
2792 10.79 8,51 L 78693 016653 9€. 43k
2000 2590 .75 9.0 78751  .CLETE8 106. 908
1800 L2389 12.91 9,69 . 78806 . 016888 119. 057
1600 .218 1,35 10,45 78658 .OLTOLL 133.350
Weo L1983 #6.19 1.3 .78907  .OLTAME 150. k52
. 1200 LLTT9 18,63 12,45 . T8953 017292 171. 376
.1000 1572 .08 13.83 .TB9T  .OLTHS2 197,780
L0900 .1b6B 4,67 79017 213.88
.o8oc 131 15.65 TS0¥ 232.69
Lo700 L1252 16.8% . TH055 255.17
0600 L1139 18.29 L TO0T2 2B3.03
o500 1018 20,72 . 79088 319.91
Q450 L0951 2149 . T9095 3hL, WA
G400 L0874 23.19 79103 377.39
0380 0838 25,10 . 79105 . 395.13
0360 , 0795 25.30 . 79108 L, 018284 LB s1
0350 . msg 26.10 . 79109 .018326 u3h, s
0340 .o’rée 27.2%6 \79us  .018383 457,42
0333 .06 28.9% .79111 . 018h€2 431, 08

T



TABLE II.- VALUES OF %_ FUNCTION AND RETATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.00, Uy = -0.06, Z{ = V4X10™%, Br = 900 - Continued
(e) 74 = -2.0°%, e; = 0.03490

t
v T =z i ~k
1,0000 1. 0. 0000010 . 000 a o
1.0005 1, - 0000025 1999 GBS 00100
1,001 1, . 000006 1 1.997 . 00201
LOOIS 1 - 0000154 1.992 . 003036
10000 1 . 0000k00 1.986 . OokEE
1.0085 1 L 0001146 1978 L 005266
1.00289 1. . 0005038 1963 L OCELO
L0065 1 0013530 1.953 . 008013
1,000 1. 1949 . 00Bb5E
1,0015 1. 002590 .98 . 008731
1.0010 1. 003139 1.947 . 008945
1.0005 1. 003670 1,967 009115
1.0000 1. 0Gk188 1547 . 009267
.9999 1.0590 . 005200 1947 DOG50E 156
L9980 1.0580 . COSL90 1948 205703 -3
L9970 1,057 L 007166 1.950 . 009867 =D
L9960 1,0560 L 008132 1.95% . 010008 25
-995¢  1.0330 » CERII0 1.953 .0L0133 .27h
.9540  1.0S40 GL00%2 55 . D10245 303
9930 1,053C 210950 1938 010346 .33
. 1, 052¢ 011934 1,960 . 010639 L3
.9910 1,0510 L OL237h 1.963 - 010525 . 390
L9900 1, 0500 .oudie 1,568 . 010604 K51
L9880 1,080 . 015682 971 LCLOTHT JHTE
L9BEO 1, 0M6C .01 77 L 01087k .53
.9BLO 1. O%40 L 019h0R .983 . 010088 .59
L5820 10420 o= 985 L 011052 €50
9800 11,0400 teua L 9% . 011187 TR
02775 911396 854
£03237 011573 1,001
. 03700 ourer 1.150
. OUIEY LO118EL 1,301
. 04629 011887 1453
. 05094 012100 1,609
. 0028 . 012299 .92k
L 06967 .01247] 2248
o712 L 012625 2.580
. 0BBs2 . 012763 2,921
. 09817 . 012889 3272
L1745 i .o13113 4,005
13696 -7 . 013305 4,778
L8959 .15668 7 3 . 01385 5.59
-8 L17662 . £62 o LOL¥LS 6,462
8coo L8599 15676 760 0 . 013792 T.319
L7800 .B3og .Aan 2,862 1 . 013930 8,350
L7800 BlS 2376 2,957 .5 Kt 9.379
O . T999 L2583 4.08 .3 . 014181 10. 570
7200 .7 L2791 3.19 2,98k .7 . OLk2gT 11,628
L7000, 7599 . 3000 3.3 3.05 3B.0 . 014409 12,857
LGBO0 .T399 3210 343 3.15 30,1 01451 1k, 182
L6600 . TiSS 321 3.5 3.0 3, OL4620 15.551
£L00 6999 333 3.69 338 3u 014721 7.
200 L6799 38L 3.83 3.50 346 01B20 18,602
OO0 .65 koss 3.98 3.62 3L8. 014916 20, 280
5800 6399 - b1 3.75 3%, 015020 22, 0T
5600 5199 W77 5,30 3.88 351, 015108 23, 986
5500 5598 w687 4.h7 k02 353, 015193 %,0%
5200 5798 .21 b.6E 417 355 015283 28,234
5000 55 5099 &85 4.33 356 15372 30,595
oo .5 .53 5.06 4,50 358,7 DI5UE1 33135
5600 L5108 . 5501 5,20 b6 3604 015549 35.873
B0 kgl - 5695 5.52 4.86 ¥%2.1 015637
4200 5797 . 5885 5. 78 5,06 ¥3.8 015725 42,038
L4597 L6069 6,06 5.27 365.5 O15815 45,520
3/OC L 43WY LEB25E E.36 5,42 ¥T.o . 015903 .13
00 419 €515 6.69 5.74 ¥o.0 - 015993 53, 461
/oo, 3006 £575 7.06 6.00 3707 . 013 58,012
3200 376 6723 T.57 6,29 372.5 L OLELTS £3. 00
3000 L3595 5t 7.93 6.61 3%, - 016269 €8, 578
=800, 339" 8, b 6,95 376. 3 5 T4 75T
ZECO L 31%h 9.03 T.3% 3783 015463 8L6TT
.ohoo L2993 9.70 7.7 5 380.3 OLES65 89,581
.2 10.50 8.25 T 382, 016670 98, 354
2000 2591 1L 8.81 Toi 38k, CLETTS 108,538
\1800 2 12,58 6.87 871 . 01680} 120, 358
1600 2187 14,00 6.4 389.¢ L% . 017016 134, 276
1600 .1 15,82 5.94 3924 LH3017 LoITike 150,549
1200 1780 18, 24 5.h3 395,k L3064, 017207 17L. 378
1000 L1573 265 488 38,5 LA30T LoLThA3 197, 200
0900 1469 23.96 k€0 400, & L4317 Lou7ses 212,97
0800 133 2,88 4, 30 502.8 LT Sy Y 23140
o700 . 125k 30.73 299 305.1 k316 JOLTTR2 753,45
0600 .11k ¥.07 3.86 307.8 Jh3182 Lo1TEx 280,
D500 1020 a1k 3.30 410.9 Lh3iog SRTIT0 317.00
o450 0953 50,12 3.10 . 0029 k12,8 L4306 O1B0sE W1L.07
ou00 L0877 58.68 2.87 . oaek 415.2 53213 o815z 373.26
0380, 0Bk2 €34 .77 o0z 16,4 43216 018200 390,52
030 0799 £9.77 2.64 0019 5179 X W3.09
0350 .OTTH 73.99 2.57 ki8¢ L 43280 L018305 528,26
L030 L OTHO 79.76 2.46 320, 2 gl .18358 449,50
L0332 .0Bgh 5833 2,33 w22, Jzez L oa8i3s 42,98

L8



TABLE II.- VALUES OF 7  FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.00, Tg = -0.06, Zy = V5X1076, Br = 900 - Continued

(@) 75 = -3.0°, ey = 0.05234

5 - 2 - A & = < z
b deg - & 4 < e -
1.0000 1 9. 0000010 3000 2.83% 0.0000 Q0012 © 9 a o
1.0005 1 . 0000025 2,995 2.8%¢C . 0001 o0 L0009 15.7 0191 .
1.0030 1 . 3000061 2.998 2. 828 o002 L0030 .oce2 3Lk 03837
1.0015 1 Q000153 2.995 2.82f 0005 . 00UT H0kh 57.3 05780
1.0000 1 2000383 2.991 e.8z oo1L3 .eors L0080 63.6 T
1.005 1.0624 . 0002015 2.98 2.8 03 .oy .01 80.8 . 09879
1.003C 1.0629 . 0DO3EES 2,977 2 o124 L0238 L0877 00,6 L1254
1,00312 1.06308 . 0007623 2.972 2.804 @57 0131 L0362 115.3 L18109
1.0030 1.0629 0013725 2,967 2.800 OhE3 ohtii L0552 125.7 15%8
1.0085 1,062% 00528 2.963  2.T9¢ o8k ofce LOTSE 136.4 16779
1.0020 1.061% . D055 2.962 2.794 1166 o703 . O8BB 15:.9 17351
1.0015 1.0610 008312 2.961 2.794 b5 o785 L 099% 145.8 17829
1.00x0 1.0609 005133 960 2.794 TR 0855 L1086 1uB.9 18208
1.0005 1.060L .005931 3 2,793 1959 918 L1168 1514 18515
1.0000 1.0599 L00AT12 2.793 226 ogTE L 10ms 153.6 18782
L9990 1.0589 . 00B2h2 2.961 2.79% 278 1078 138 157.2 19226
.9380 1.0579 00972 2.902 2.79k 28 1170 L1508 160.2 19587
L9970 1 L 011221 2.963 2.794 377 1252 V1615 1862.7 19893
L9950 1.0559 10684 2.964 2.796 I 139 L1718 16L.9 20158
9950 1.05k9 .01h136 2.965  2.79" &Th 1393 1810 ) 20393
L9940 1.0539 .0155T9 2,967 2. 522 LALEE 1900 L 20807
L9930 1.0529 017014 2.968 2,794 57C 1528 1997 20794
.9920 1,051% L 018442 2.970 2.8 617 1587 207" . 20969
9910 1.0509 019864 2.972 2 6L 1643 2154 L21130
9900 1.0499 0128 2,91 2.80h 711 L1697 223" 21280
1,079 JLekll 2.977 2 B L1798 2373 L21551
1.0659 . 0es9e 2.981 2 .86 .185C 2505 .2179¢
1.04% e 2.986 z 987 1977 263 22005
1.0619 .03250 2.990 2 1.078 L2058 2754 22201
1.0399 03529 2.995 2 1.168 2R 2877 22380
1.0349 .ob221 3.006 2. 1,391 2306 ¥ 22770
1. L9910 3.017 2. 1.611 .2b58 3379 L2301
1.cobg 05596 ey 2. 1.828 .2593 KCh 23387
1.0199 LOF2T 3.062 2, 2.0 .27k 381 .23¥9
1.01k9 LOE9EY 3.05% 2. 2.25 2822 Lo .23865
1.0099 . OTERY 3,067 2. 2.4 991 194 . 2069
9999 3.09% 2. 2.87 L3 55, 2hh28
9899 3.121 2. 3.27 .23 L850 2473%
<9799 1149 2. 3.66 3323 5137 25005
9699 3.178 2. b.O4 w51 FUTE 25245 .
9599 3.208 3. .41 353 5654 .25k€0 L013310 +.783
9399 3.269 3. 5.12 LN AL 213, 25837 .o13523 5.793
.9199 3333 3 5.73 .mse €e: 218.L (2158 013708 5,843
‘8999 3% &h3 7 & 213.1 2€:37 013873 7.93
8799 3.569 3. 7.02 . 3746 7205 221. ¢ 26685 ORBO2L 9.071
8599 3.5%2 3. 7.58 .3n8 L75 223,84 26908 L0141 10,256
8399 3.618 3. B.11 L3BET 225.9 .27110 .a1k2Bh 11,592
.B199 3.698 8.59 L3598 227.8 27295 L OLLO3 12,783
7999 378 3. 9.0k 3512 2297 27466 LOLk5Lh 1h.132
L1199 3.969 3.5 3.55 kot 2762k o1k620 15.545
L1399 3.961 3. 9.83 L3305 27772 014721 7.5
19 5,06 3.7 27910 Q1L818 18.577
L7199 k.16 3. 28041 014511 0,208
LE999 27 28164 015002 1.923
6795 4,38 3. 2ReBO . 015090 13,739
L6598 .50 8.0 28391 L0153 5. 63
5800 €398 &,63 3.1 28y 015260 27647
5600 L6195 4,76 . 28596 015342 29.176
5400 L5998 4,91 bk 28692 015523 32.03
5200 598 5.06 4,54 28785 91550k 34,432
5000 5598 5.23 bt 28873 15583 #5984
4800 5398 5.40 B, 28957 2 B.7%
4500 L5198 £ 5.60 4, 39 015740 w2.ALT
3500 g9 5,80 5. 29118 015819 45,737
4200 4797 6.03 5.3 29154 015808 49.091
-hooo B537 8.28 5.t 29267 015977 32.707
3800 b3 T2 6.55 5.40 29338 016056 56,620
3600 L1y 7304 6.85 5.87 25406 016137 £0.869
3400 339 Thab 7.18 €. 29473 016218 65. 502
200 3T 752 7.55 6. % 29537 G1£301 70.5T7
3000 .3595 TE16 1.96 6.4 205 016386 76163
2800 JTEBE 8.4 6.95 29659  .CLELTZ 82 3R
.2600 T3 8.98 7.30 29718 .016562 89.2
2400 .T758 9.€2 .70 207Th L QU6ESH 96.97h
L2200 LTT5% 10,3 8.1b 26829 016750 105,731
L2000 TTaE 11.25 8.66 29881 016851 115,788
. 1800 .TE39 12,34 9. 06957 - 4
L1600 7516 13.69 9.97 29981 017068 40.919
L1400 T3 5.6k 10,8 L3088 L0IMI90 157,160
1200 LTO81 1778 11.88 30073 .0MT323 177.01b
1000 £73 21,09 13.21 Lok LQATATD 8. 06
. 0900 &52¢ 23.3 15.03 L3013% L0L7551 217,33
L0800 6271 26,18 1 L0153 LoaTE8 235.17
.OTO0 5985 79.93  16.15 30172 0T73IH 156,48
L0600 5657 3.1 1757 201 217843 »f2. 85
0500 5894 .00 19,k 30205 017972 NT.61
. OL50 .5109 20,63 o18050 340.58
L0800 (kgh6 2.2 . 320 018145 370.94
L0380 LB 23.17 . 3oe22 .018192 3BE. 96
.03%0 . 488y 25,26 . 3225 .0182kg bOT. %2
0350 4908 24.96 . 30226 . 018284 420.67
030 L h9eh 25.87 . 30228 L0189 438,00
.0330 L5132 27.35 Joeey 038399 466,51
.0R7 5289 28.3 . 329 018443 485,25

k9



TABLE II.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.00, Uy = -0.06, Zj = ViX10-€, Br = 900 - Continued
(e) 75 = -4.0% ey = 0.06976

it

1
- - > = .
z e deg Tz i El
2, GEO0010 .+ 000 3.773 o, 000¢ o
. 0000025 000 LT3 . 0001 . 0008
+ 0000062 1.998 3.772 . 0002 - OOLT
. 000052 1.9%  3T7L - 0005 0033
000038 3.993 768 L9013 . 0059
.coo1012 3764 L3
- 0O030EE 3.759 . 0104
C0L0L53 3.733 el
07 3.748 L GBLy
00375 3.746 L1281
+ DOAG! 3755
. 006130 3. 7566 .
007218 3,748 .
. 008260 3. T4l .29
. 009322 3.7 L3k
Roik =3 LT -010377 L3
D133 3.7k 010558 soe
3745 010713 46z
3.786 010847 521
3.THT 010657
OL10T4
LOL11T2
011361
011344
011420
03258 3754 011559
L0333 3.757 011683
. 04007 3760 CLITu
o379 T2 011895
4750 3.TES 011587
05673 3,772 .o12150
. 06589 3,780 L012%2
07500 3.788 . OLZ51E
. 0BLO7 3. 7% LOLZESS
. 09309 1804 01276k
10207 3.813 oL2872
11990 3.8%0 013063
13759 2.838 -013227
L 15513 3.866 -013373
L17253 3.885 . 013503
. 18979 1.906 013621
L2239 L.Z13 3.9 013830
_a5Th b.26h 3986 014010
. 2905 L8 4o 014170
.3228 & 37 4. a7 o1431S
3546 bAz §.12% OLULLE
.+ 3858 4,495 b7y 014568
Sy 4.560 b, 2% - OLUER2
khE3 4,628 4, 281 Notye]
5755 bTo0 4,339 . 014850
L5OkL 4776 L. 399 015988
4,856 &, 462 015078
4,940 4,529 015166
5.03 4,599 . 015251
5.13 %573 015334
5.23 b.752 . 015515
5.33 4,835 . 015493
5.45 5,923 015570
5.5T 5. 02 01563
5.71 5.12 015720
5.85 s.22 015794
0 5397 6.00 5.3 015867
Aoo 5197 €.17 5,546 015939
5508 hoor 6.35 5.99 011
3200 LhT9T 6.55 5.73 . 016084
+ 5000 5596 &. 7T 5. L016156
300 L5396 7.01 6,35 158, 3 . 016229
S¥00 Mm% 127 6.24 199.¢ . 016303
3u00 399 7.57 €.5L 201, 0 L OLE3TT
3200 . IT95 . 202, 5 L 016453
3000 .3595 28 203.8 22786 L G16530
200 3395 10,73 . 0689 205, 3 22839 . 016509
2600 3194 10,22 L0595 206.9 23 . OREE9L
2hoo 2993 9.68 L0500 208, € 2994 LBIETTS
2200 2792 g.12 .0l30 210.3 . 016863
o000 L2551 8.33 . 0358 zl2. 2 2308 L 016954
1800 2390 7.92 0263 L97En U 2308k, c17051
600 2188 1.28 ~588 216.5 23129 LOLTISS
106 . 1985 6,63 085 987 218.¢ 23172 .CLTEG
1200 1781 5.9 (258 5843 2217 .23 ;17388
000 L1576 5.77 . 0104 L9857 22,8 . 23254 LOLT524
L0900 L1472 3.92 . 0088 226.¢ L23273 LOLTEOR
L0800 L1 4.56 L0073 228.5 L2391 LOLTESL
000 L1 3,19 . 0059 2306 L2332 Loy
0600 . 11d7 3.82 L OOLT 233.1 . 23385 017873
J/00 L1038 R -] L0036 236.0 2330 017993
LG50 L 096h 3.21 L0030 237.8 23348 018065
L0k00 L0831 2,9 . 002 ak0,0 23355 oi8i52
0380 .0858 2,86 o023 2510 23357 018195
o¥o  .0B21 aTs . 0020 2452.3 2330 018248
.00 L0759 . 470 2.66 L0019 2431 . 0182
L3O OTTH . 4BBo 2,58 L0018 24h,0 018313
.00 U753 k928 2,54 L0016 245,8 . 01834k
L0321 0693 . 5189 2.33 - 0013 2473 018443
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QUANTITIES FOR BALLISTIC ENTRY INTO

TABLE IT.- VALUES OF Z_ FUNCTION AND RETATED T
Zi = V4x10~%, Br = 900 - Continued

ATMOSPHERE OF EARTH; Vi = 1.00, ug = -0.06,

O
(£) 74 = -5.07, ey = 0.08716
- - - A & - = t 8
| ol A E] ] 2
1.0000 1,056 0, 0000010 L.000 .TIT ] [ o 0,000
1.0005 1.060% 0000025 L0 WTAT . 0005 9.4 . 00100 003
1.0010 1.CECH . 00000EL 4999 L7186 LC0L3 18,8 . 00200 Lo
1005 1,061% L 0000152 L99T  8.TIS L0026 8,3 . 003010 . 007
1,0020 1,061 L 0000382 1,995 4,713 o0bT 3.9 . DOLOLL .00k
1,0025 1,06 . DOOD99L 992 3,710 L0082 WT.G w837 . 003L0%
1.0030 1,06 . 0002837 987 5,706 L0145 58,8 0Ty L OOE2T
1.00340 LO63U . 0012757 5680 4.700 0318 8.5 ou9C L 009N
L0030 1. . 003883 Y GTE 4.695 0532 34,9 10372 . 00Q0SE
10601 1% 5975 h.EOk b8 89,0 I0RE8 009G
[« 3 N ot L.gTh b, 802 o737 LT LOOFTTS
€13, . 0GB01E L9k 5.693 L0813 33.7 00998
. 009371 L.973 4,692 . 0830 5.3 . Q10160
. CLOEQH L973 h.602 . 09k0 %.7 01030
o199t LOTh k692 L0896 e 010:%
014556 L.aTs b 662 1098 1000 TL0EST LB3
. OLT053 W91e L6937 11150 1016 01082 .51
019527 w975 h.E53 1274 103.1 a10981 .5B2
02158 W gTe i ROk L1352 10k, 3 @iz LEET
L02841 iGTT 4 695 . 1kpe 105. % o123t LTI
. 02682 LGT8  4.ESS . 1Ug5 106 b 011337 810
. 02923 +.580 4,69 L1561 107, 4% L0113 .88
.03162 181 Y 9T 162k 108, 2 .o1152 .95
03400 4982 4, 608 1684 109,0 L OLIE00
03637 +.983 4,699 1742 108.7 . 011680
L0109 L0864 701 1852 1110 LOL1BYT
. Q4579 4,989 4,703 L1955 ile,2 . OLIQL:
05046 L, 991 4,705 L2052 113.2 . 012061
L05512 Lok L. 707 L 21hh k.2 . 01215¢
. 05 L,997 L7059 o232 115.1 No
o718 715 L2437 2,
08273 LYy L 262k 2.
09410 ozt L ETIT 2
10540 LTI L7958 3,26
11663 is, 7O . 3110 3664
12763 Lot 325 8,03
L1998 4,761 3518 4. T8
L1793 175 37€0 5.5t
b + 19366 5.790 3084 [
g 2 L2152 4808 arge T7.093
8000 . G5UH . 235 3,821 4386 7.88"7
L8800 L9 . 2786 1.853 bhz
LBE0O 9198 3195 L. 8B4 5062
. 3597 5,922 -5352
+ 3990 5.959 5616
L4378 5.998 . 5860
LT 5.038 €085
. 5115 5,081 L6293
. 5k70 5.175 587
L5816 5.172 L6668
L6151 5.222 €83
LELTS 5. 73 5.274 L6904
6789 =812 5,38 LTihL
L7091 n.890 5,38 .7279
27381 5. 9T% 5. 547 - Thog
L7659 £, 0F 5.512 L7530
L7924 Fu18 5.581 L Tehh
8176 P2 5.€5h L7150
Bh1k .37 5.732 . 7850
K: 3] .40 5.816 LT
8847 n61 5.905 .8o3t
.90k0 75 £.00 L 8113
9216 .90 6,10 L1986 8190
ki .06 6.22 .1B20 8261
L9516 24 6.3% LLEEQ 8327
%637 L b b.47 1506 8389
L9738 6.E1 14,85 L1359 R:Etes
9817 677 500
L9812 €.94 -8550
L5902 714 . 8595 H
. 990k 7.35 L8637 166.5 18559 L QI6ET
57T T.59 1,18 L0734 L8675 167.8 LB60G 01675
=518 7.87 11.55 L0633 8710 189.2 L3651 LoeBaT
9723 8.18 19,88 . 0539 B2 170.7 13696 . "
588 8,54 10.19 . 0h5H 8T 172.3 13780 . 01698
409 8.9 Ry 4 L0377 B9 178.8 189782 L OLTOT)
LuL79 9,45 2.73 L1308 .BB2c 175.8 .13824 LOLTIE1
. 530 10, 04 T.98 L 0RUT 8840 18865 . o172
L5533 10.77 T.20 - 0193 8858 180.1 18905 .OL735
L B093 1167 £.ho Netys .B873 1826 .18943 LOLTATL
7352 12,84 5.59 L8 8887 185.5 . 18980 LOLTS9T
. *fgs 1357 5.23 L0051 L8803 187.2 8597 LO17E6T
L6283 1k, 42 4Bz . 0075 . 8898 189.0 L1901y 01774
£hgL 15. 46 L -4 L 061 .8903 1910 19031 .01T8ES
L1055 16, 7% 4,00 . 00hS L8908 193.3 19047 LOLTOLY
4576 18,43 3,5 . 0037 12 196,0 GOFL . 018030
L5306 19, 54 .33 .003L B9l 197.7 . 61806+
L5086 20.96 ©.08 L00E 8916 199.7 01817
. 5000 21,68 £.9% .00k L3617 200.7 . 018214
431 22.55 2, Bl . 0021 8918 2018 . 018259
4908 23.68 5T .20 L8919 202,5 . 018285
. 4Bg8 23.70 2. 69 L0019 8919 03,3 . 01831
L 5907 24,22 &5 . 0018 . 8520 203.9 .o83le
. 409k 25.63 18 0015 8921 205.6 . 01804
L5167 .98 ¥ .0013 L8921 7.1 . OLBUE:




TABLE TT.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; Vi = 1.00, U = -0.06, Zi = V4x10~%, Pr = 900 - Continued
(g) 74 = -6.0%, e; = 0.10453

1
- -x e T 28 - z
7 7 2 Qe aeg T 1 Q sec v "? s B
1,0000 1,055 0. 0000010 6,000 5,661 0. 0000 c.0012 o [ o
1.0005 L.06 . 0000C25 5.000 5,661 . 0001 L0019 000k 7.8 . 001002
1.0 1,06 . 0000061 5.999 5.660 . pog2 2029 . oL 15.7 T
1. 0015 =3 . 0000151 5,998 5.559 . 0005 . 006 . ooz 23.6 003017
1,0020 1,06 . 0000380 5.996  5.657 L O0L3 00Tk 0039 1.6 005039
1,000 1.0620 . 00009 7T 5.993 5.65% .0033 .0118 L0068 9.8 . 005085
1.0030  1.0627 , 0002713 5.990 5.652 . 8.7 . 006227
1,00350 106316 L 0015316 5.983  5.6% L0518 63,7 L 008145
L0030 1.06 . 004508 5.979  S5.6h2 L1556 73.3 009368
1.0025 1.0600 006533 5.978 5.651 221 76,3 L OU9TSE
10020 1.06 . 00B2B7 5.977  5.6%0 280 4 [ostes=x]
1,0015 - 009956 5.977 5.640 .33% 40.0 010227
1, 0010 e B11575 5.977 5.640 .30 8.3 010395
10005 3 L 013258 5,977 5.640 s 32,5 010536
1,0000 1.0% LG1471E 5977 5.640 W96 238 OL06E3
L9990 1.05 -ou7TTe 5,978 5.60 558 85,1 OLCETY 534
L9980 1,05 . 5.979  S5.640 699 8.5 OL104 25
L9970 1, 0567 LO2315 5.979  5.640 . 798 8r.6 011198 5
L9960 1,05 - Q06EG 5,980 5.64L .89 84,7 011329 Boh
.9950 1.08 . B2961 5,981 5.641 .993 .86 oL1kbs Bo3
L9940 5T .03251 5.982 5. 642 1.089 0.4 011556 581
L9930 1. . 03539 5.983 5.643 1185 9.2 o116k 1.06%
.9920 . 03826 5,98k 5.643 1.280 91,9 C1173L 1.157
L9910 L Oh1L2 <.985 5. 6l 1. 374 92,5 011815 1,248
L5900 VuIFT 4,987 5,645 1. 468 93.1 011890 1,332
OhoBY 5. 980 5.647 9,2 Z 1. 507
= )4 5.648 35,2 o121k 1,68z
089 9ok 5.650 %.0 a1zzsy 1,85
57 5.652 %,8 Q12359 2.031
5998  5.654 97.€ 012k50 2,205
08587 £, 006 5.658 9.2 LO12651 2,682
09959 6,013 5.66% 100.5 , 012821 3.080
132 608l 5.669 10,7 L o1E970 2,520
12675 £.008 5,676 102,8 .o 3.961
16021 £.0%  5.580 103.8 013218 b, gh
.15359 €.08 | 5685 1048 M3z 5,850
18011 5060 5.697 106,72 013515 5. 748
L2083 B 5. 709 107.5 k) &.65¢
.2323 £.093 5.7 108.7 013821 T.574
L2519 5,111 3.733 19,8 - DLIR50 8,303
L2833 £.189 5,758 110.8 . 015066 Q. hhk
.33 £, X 5773 3 1312.6 L ORHETL
L3819 205 5. 801 . 13%.1 . CLBblg
g5 &7 583 2 115.5 . OL4605
. b760 J0 582 47 116.8 L OL6TUE
5312 £.3%  5.89% " 117.9 L OLBETL
.5652 B 5.528 15.33 . 119,1 L 014593
L6079 £.43% 5.96k .12 120.1 . 015108
L Gisgh £.u87 600 .83 2.1 + 015205
6895 5, 5k £, 041 ug 122,1 L OL530
. 7282 5. 603 5.083 @ 123.0 L 01539k
. 7656 5.666 &.127 B 123.9 015482
. 8015 £.T33 £.173 T 1248 O15566
. 8359 v.80k 6,220 .18 125.6 015687
. BEBB £.880  6.27. N3 126.5 15725
L9001 H961 6,329 5] 127.3 015801
9297 7.05 4. 387 .67 128.2 025875
L95TT T.1h 6.450 .69 129.0 L OL5%4T
.9838 7.24 £.516 .65 129.8 L6
1, 00BL 7.35 6.588 4 130.7 , CLECBE
1,0305 756 &.66b %3 135 L 0L615Y
1.0508 T.5% 6. TAT 19,18 132,54 LCl£221
10691 7.72 6,835 18.82 133%.2 . 01288
1. 0851 7.87 6.932 18,56 13h.1 LOIEIS3
1,0988 804 7,04 180 135.0 L QI8k1Y
1.1101 £ 22 7.15 7.58 135.9 016485
1,1188 5. %2 7.28 7. 06 1%.9 . O2£550
1.1248 LN 7.41 Lo 137.9 L0166
L1278 8.90 T.5% 5.87 138.9 . 016683
11278 9,18 T.T3 T.2e 140.0 . CLETS0
1. 120 $.50 7.92 .52 1.1 0681
11,1375 .87 8.1% L 78 42,3 . CLESBE
1, 1066 10. 3¢ 838 o1 143,35 . 016960
1.0915 10.81 8,85 1 14,8 17533
1,017 11,41 8,97 L3 146.2 OIT1L0
1. 0467 1k 9.35 .53 AT 017180
1.0158 13,09 9.719 9.50 149.% 617273
9By 14,18 10.33 .77 151,2 01732
9331 15.67 10,99 1.87 153.3 OLT45E
17.69 11.82 £.97 155.6 L OL7563
8135 .59  12.89 £.06 158,2 . 017680
759 2. 56 13.5T7 5.60 159.7 L OLTTA
T35 25.08 1% 5.15 161, 4 L1781,
28,42 15.32 u, 69 163.1 No:H
6305 33.05 16.53 u, 22 165.5 . 017978 L
L 583 ago00 28,11 374 68,0 . D1BoBO 350,03
L5546 4.0 18,13 348 169.6 L 018141 #5. 7L
+ 5261 5, 0 20,4 3,22 17L5 . 018213 394.55
.5154% 5.9 2L.10 EN-] 172.3 . 018248 LoE. 91
5059 0,29 21,88 2.97 173.4 ., 018287 421,60
520 £3.02 22,35 289 ith.o . 018310 43027
4990 .21 2,88 2.8 oo .B1B3 175.6 018335 440,27
ey 68.81 2332 278 o0y 8183 175.% 018355 L4B, ko
.h9g1 e 7h¥ 2,62 0017 .BiBhk 176. 4 018503 W5T.9%
L5098 82,86 25.72 2,48 Koot .8185 178.0 . . 01BAU62 493, ko
L5215 B7.5T 26.58 2.%0 0013 L8185 1789 L6151, 018498 505. 59

52



TABLE II.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BATLISTIC ENTRY INTO
~ ATMOSPHERE OF EARTH; V4 = 1.00, W, = -0.06, Z; = V;X10"®, pr = 900 - Continued
(n) 74 = -8.0°%, e; = 0.13917

- - . oy - - = T 5 = —L
v Ve ‘ [ deg 1 Q sec - & N Y
1.0000 10595 3. 2000010 8.000 7. 0. 0000 o001z @ 0
1.0005  1.0600 2000025 8.000 7. 0001 .oy 0003 5.5 00713
1.0010 1.0604 . 2000061 %9 1 ooc2 . 0029 0008 11.8 Bottgg
1,0005  1.0610 2000151 7.568 1. 0005 . 006 2016 7.7 . 02155
1.0020 1.061% . 0003TT T.997 T. o013 L0073 23.7 | 0RB6G
1.0085  1.0620 - 000551 795 T 0032 o117 0050 2.8 L 03668
1.0030  1,082L . 00C25TY 7.992 7. 087 o192 . 00BE 5.2 3By
1.0035 1.0630 . D0CE5G4 T.589 T 0 azsa L0162 k40 05341
1.00366 1.0671 .-0020h2 T7.586 T 0650 0542 L0253 he. 7 &
1.0035  1.0630 003997 7.984 1. 1350 o158 Q356 54,1 €558
1.0030 1.062% 906997 T1.983 T 2% L1062 OhTL, 5T.7 oT003
1.0025  1.0620 . 009569 T.983 T 30 16k 0552 59.7 areL3
1,0020  1,061% 11766 7.982 1. 57 L1266 . 6L £1.1 oTHS
10015 1.061C - 013969 7982 T 471 1810 L0672 62.3 oT552
1.0010  1.0604 216132 7.982 T, 543 1513 o722 63.2 . O7665
1.0005  1.0600 018213 7.983 7.23% 614 1607 L0768 6.0 .OT763
1.0006 1,058 2 7.983  T.5% 683 1698 L0811 6u.7 L o738
9950 10584 2435 7.983 7.53% g 1851 -cé8g 65.5 07994
L9980 L.05T% 22835 7.98% 1.5 553 1593 . 0950 66.9 08115
S997C 10564 93231 7.5985 1.5 1.085 22 1085 67.8 oBazs
9960 1.0554 03623 7.586 7. 1.216 zasz 1086 68,5 08311
9950 1054 Ho11 7.987 1.5 W5 235k 142 69.2 8393
L9940 1,053 04398 7.988  7.53- 1.473 L2859 1196 69.68 . 0BYEE
L9930 1.0524 bl 7.989 7.53u 1.60C L2558 1248 708 . 08533
.9926  1,0514 35165 7.990 530 1727 2652 1297 70.9 . 08595
L9910 1.050% . 055u6 7.991 1.852 -y 134k Tio4 w52
.990C 10495 05926 7.992 1.978 288 1389 1.8 08705
.G886  1.0L7h . 06681 7.95% 2.23 83 LLWT T2.6 . 08802
L9860  1.04%h 07433 T.99% 2,87 337 L1556 73.3 . 06888
.98u0 1,063 0B18G 7.998 2,72 3276 LR T4 0 . 08965
L3820 1, 0614 . 08925 8. 001 2.96 3805 1705 1.6 . 09036
.9800  1.0304 8.003 3ec 527 L1TTH 5.1 09101
L9750 1.03u4 11508 B.00g 3.79 B3 1935 76.3 ogouz
9700 1.0294 113335 2,016 4,37 505 2082 7.3 09363
LS50 1. 02bk 15145 8,022 4,95 L260  .2218 78.2 05467
L5600 10154 . 16551 8.029 5.50 ua52 2346 T9.0 09560
.9550 1,014k 18740 B.036 6.06 ué2s 245 15.8 0643
.9500  1,0094 . 2052 8,003 6.60 4780 2578 80.4 B9
5400 999% . 2Loy 8.057 ) 7.66 S0h9 L2787 81.6 09851
$300 9804 2752 8.072 f B.€9 5270 2978 82.6 - 09966
9200 L9794 X 8,087 . 2.69 5451 -3155 83.5 16T
9100 969N ¥ 8.1 .60 10.65 5598 .332C 8,3 -16156
9000 9554 372 8,118 T.6L 11.57 57T 3T 8s5.0 . 10238
8800 L9304 5431 8,151 T.63 L3756 8.4 .1038¢
+8600 £919% 5073 8,186 7.653 3970 - 4005 BT.3 -16503
L Bu0o . Bogh 5699 8.222 T.6T¢ 3993 4239 B88.6 10611
. 8200 BTG4 8307 8,261 T.694 965 kg 8.5 . 10707
8000 .BS9 8,301 T.723 58k 4643 204 _10T9%
T800 .83 THTL 8,343 7.7 L4822 1.3 . 10B7A4
TE00 L8154 8.388 7. 776 5654 4988 g2.0 10948
T400 - T99% 3562 8,43 7.800 5455 L5183 2.8 .11016
200779 9019 8,185  7.83 536 5287 93.9 11081
7000 ST59 5T 8,58 T, 86¢ siae . 5k22 Gh. 2 11151
.680c LTIF 52 8,504 7,859 491k . 5568 o9 -11198
6600 -T19H 1.0508 8.653 7.934 4697 - 5667 95.6 <1253
L6400 _695h 1,00k 8.7 T.9T T3 5T 6.3 11365
6200 6794 1.1354 8. 784 8.011 h2L3 . 5882 96.9 11354
6000 6594 1. 1T B.Bs6 8,052 %010 5980 91.5 11602
.6393 2109 8.933 8. 0% 3me L6072 98.2 11448
5600 6153 1, 2450 9.02 8,14 352 .6158 98.8 11492
5400 .5993 1.2765 5.10 8.197 330 L6239 99.5 11535
5200 <5793 1.305% 9.20 8.252 3080 6315 100. 1 .11576
5000 5593 1.3315 9.30 8,311 2855 3 100.8 11616
. 4800 5393 1. 3548 .42 8.371 635 6453 1015 L1165
L4600 5193 1.3751 5.54 B.bh . 2u21 L6515 102.1 L11694
. kw00 2 1.3923 9.68 8.51¢ L2221k L6557k 102.8 L1173
. k200 3792 1.3062 .82 8.600 2014 6628 103.5 11
. 5000 8592 14166 5.99 8.68 1822 £6T9 104,2 11803
3800 Lh392 1.4235 10.17 8, 78 #1.68 #4540 JET27 105.0 11839
3600 L b192 1. 4266 10.371 8.89L 20.89 1466 L6771 105.8 11873
W00 L3991 1. 4256 10.60 9.01 20.04 1308 L6812 106.€ 11907
L3TR 1. 4204 10.86 9.15 19.1% 11 684G 107.4 11940
3000 3590 1. 4106 11.15 9.30 18,15 1004 L6884 108. 3 11973
2800 .3390 1.3959 1149 Q.47 17.19 0BT0 L6916 109. 2 12006
2600 3190 - 3760 11.88 9.86 16.15 QTU6 696 110.2 12038
2500 2989 L3508 12, 30 %.88 15,08 B3] L6973 1113 12070
2200 387 2, 10,14 13,98 0531 .6 112 4 12101 3
2000 2587 1. 2801 1357 10.45 12.85 438 L7019 11%.7 J12132 017kl 192. %10
.2386 10. 8L 31,71 o356 LTI 115.0 L12161 L QMTLGG 205.65
L2184 11.25 1C.55 @By .70% 116.5 12193
.1982 11.80 9.3 0270 LTOTR 118, 2 12223
L1779 12.50 8,22 0166 L7085 120.2 12252
1574 13 7.07 0120 7097 122.4 .12081
L14TL 13.98 6.50 0x0L Tice 123.7 12295
L1366 14,67 5.92 0083 gl 125.2 12308
J126¢ 15.50 5.3% Q067 iz 126.8 12321
1150 16,54 5,78 0053 16 128.7 12334
1036 17.50 420 TLEC 130.9 12348
L 0Th 18.80 3,89 . 0034 7121 132.2 12352
. 0908 19.93 3.57 . 0028 T2 133.9 12358
L0879 20,48 3.43 L0026 he) 134.6 12360
. 0848 2113 3.2 . 0024 T8 135.5 12362
L0812 21.92 3.12 . o021 7126 136.5 12364
o793 5307 22,11 3.03 . 0020 137.1 12365
.oTT0 22.99 2.93 L0019 7127 137.8 12366
L OThb 5254 23.78 2.81 .oor7 138.7 1237
LOT06 L5312 24,51 2.65 . 0015 7128 140.0 L1238
LOETT L5430 25.90 2.52 L0013 .TL3 111 1239

o3



TABIE IT.- VALUES OF Z_ FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.00, Ty = -0.06, Z; = V3X10”°, Br = 900 - Concluded
(1) 75 = =10.0°, e; = 0.17365

1
” - =
- - . - a - - . o8 . —3

v ' = seg 4 " * T YEY
1 0.0000020 o 2 a.000
1 . 6000025 - 00568 . 001001 . 00C
1 . DO0CKA: LOHL3T 002005 .00
1. . 0000151 LG1709 . 003013 .00
1. . 000C3TE _0e285  .oohoof .00l
1 . 0000952 -0e870 - 005060 .03
1. .O3BO Q061 .008
I, LG L 00TT 023
L . Ohghz . 008550 LOTE
1. 05487 - 009671 .181
1. L OSTTH . OL01TS .285
1 L Or0u83 3
L - 60T . GLCTLO . 460
1, . 06181 . oroBgz 542
1. L0628 L QL10HS JE23
L LGE3NYLonlLTT Lol
1. JOER0S . 01100% .79
L OES22 . 011493 .93

L0617 01660 1,083
(06699 011804 1.233
- OETTO . 011930 1.381
. 0683% Nor i 1.52%
LeE8g2 012145 1.676
.ofghs ooz 1.823
L0E39%  01232% 1.969
L0039, O12kon 2.115
(o181 012478 2,261
LOTI5T 012612 2.552
o725 L012732 2,843
. 07287 . 012840 3,133
LO7343 - 012933 3.h23
4,91 - 0739k . 013029 3.7k
6,335 07506 . 013228 b.3bo
9.438 .O7802 013397 5.165
9,bh1 .CTEBS 013543 5.899
g. bt oTIss  LOL¥TH 6.632
9,558 07825 - 013791 7. 38
5.5 o788, 013897 €.108
2.358 L0790, C1%08% 9.5%
9.5465 . 08081 . o142 11,099
9,872 .0B12 . 014388 12,617
9,480 08233 C1u516 14,150
9,488 RoUs: 15,700
9. 504 LOBYIZ L 01483b 18, 851
9,521 c€sog . 015010 22,073
5.538 08595 . 01516% 25. 370
9.557 8672 .015303 28747
9577 B2 L015429 32,207
9. 597 08306 015546 35. 756
5.519 o8BS 015653 39.398
$.652 08320 015754 33,138
5566 08971 015849 46, 982
2.691 oga20 015933 50.93
3.718 09066, OZEQOh 55.006
9.T46 09109 L C16106 59. 200
2.T& DYLSL ISt £1.52%
.88 09161 01660 £7,990
9.8%2 09229 . 016337 T2.EOL
4. B78 . 09266 . 016803
5918 logyor LouguTZ
2.958 L0033 016539
10, 002 .09%9 016605
10.950 LOGR0E 016663
LOG3h 016733
. 094965 LOLE795
L0995 016857

- 09525 . 016918
LDA53E L OLEGTI

09582 017040

LO5TEY L OL7IMT
L0976 01710
JO9TI2 LOLTHTS
LO9T98 L 01TShE
L0582 OLTELL

12,12 0589 LOLTEE3
12 39 09874 L OL7TSS
12.95 0899 L0183
13.5% o592k L CITHE
14, 32 09948 028021
.82 060 .018073
15. %1 09972 . 018129
16.13 0583 . 018150
1.0 .01825%
18,25 10005 . 0183138
19.93 10010 018384
20,01 10015 028433
20,49 10017 . O1BWE2
21.03 10028 018490
L 72 10020 08522
22,60 o0z 08561
2317 10023 L 018586
23.96 10024 . 018618
. + O . . 24,52 1002k L OLEFRL
L0290 L 06TH L5793 8831 25,37 .10025  LOLEETE




TABLE TII.- VALUES OF % FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.00, Tg = 0.06, Zi = ViX10™®, Br = 900 - Continued
(a) 74 = =0.5%, e4 = 0.00873

5 v, z -7 ’ ar 3 7 v s
v r deg dng b 1 < sec T

3.09595
112123
1.18310

1.1623%

1017.% 1,283A3 ¢
103342 1.26295  .O0F:1 2135
1047.0 1.27553 20080 154
1059.1 1429 006 L 175
10598 L.3069% ~004, 2197
21k E 1092.1 1.33360
266 o781 103.7 1.35h49
.33 0850 117h.0 1.37138
.383 L0915 1135.% 1.38537
T 978 13460 139718 010055
518 21037 11547 1.ho730 01107
558 L1187 1169.0 1.k2382 <011396
a1z L1245 1180.3 143681 011655
995 L1334 11A9.6 1.4B735 L01188%
1,167 L1813 1197.5 1.4561 L012091
1.325 ~14B3 1206.2 1.BA353 012278
1.688 L1600 1.1bE, 1215.2 1.47851 012607
2,05 1225.0 L.LAuAY 012831
2,40 1231.2 o131l
2.89 1237.4 013368
3.30 1262.7 013573
2 3.7C 12474 .013762
] 2 5,10 1251.A .013938
2,76 1 Lk 7 12555 .01h103
2.91 3.7 L.87 L1755 1.4k 1253.0 1.51900 014258
3.06 3.3 5.23 L1730 1.Ab4ke 1262.3 1.5218% 014508
3.2 3eos LOTHHT
331 3T 01583
3.53 385 LOnk813
3.69 8.63 015237
K 3.86 8,23 015062
W4osT L.03 Bl 1015182
5310 L2y b 015299
L5590 5,39 [ 015815
L6070 4,58 5.15 015528
58 78 Fab3 015641
L0887 1.381: 1.5%:88 L015753
L0BO6 1.3570 1.54 1585
0727 1. 1.5 015975
SO0 1. ; 1 016087
LO57F 1ROk 1 016200
29 L0506 1,601 016314
12 JOhdD 1AL ~01£430
0 0377 LLALYY LOUE54E
£ Ak L0120 1.ALY Rulyel
£.35 0266 1.A20 016796
£.01 016927
5.63 Nob(e 4
5.2 017212
b7 017369
b.23 017540
3.77 017731
3.2 017049
2,69 018207
2.16 018527
1.68. 016955
L0900 1,437 019237
0800 1.357 L019556
L0750 1.30: 013821
L0700 1.2 020X
J06B0 31.23% 020239
L0650 1.207 020408
D540 1,158 020538
L0620 L0157 10,5302 13.74 1.10% , J021062
L0610 0110 17.3361 10.38 1.029 1873,0 021530

55



TABLE III.- VALUES OF Z FUNCTION AND REIATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; V; = 1.00, u, = 0.06, Z; = V4;X10°%, pr = 900 - Continued

(b) 75 = -1.0°%, e; = 0.01745

58 - —Z
= = ¥
] o.000

05765 - COL00E 000
1 L 002020 000
AT 003057 000
2htes  ,00k1SE 001
32185 - 005524 00k
37233 00361 009
&3 e eieey ot
55440 - OO7ERY .030
L7588 COBORE 051
49123, 00BR69 051
50335 008460 oo
5134 . 00813 o7o
52971 .008876 o83
54265 005081 106
-55W3 - 52 123
009400 %1

073 - (09530 158
.5TEO1 . DO9FLE 176
58853 - BogT51 193

. 5906 009847 211
53591 009936 228
. 6009 010019 2uE
L6998 010165 .281
L6IT93 01032 7
L6501 010822 . 354
63150 Q10532 . 390
6T 010613 et
LBA976 010857 .523
LEERL QL0 622

.66912 011219
L6686 .OM1ITL
EB¥9 011509

6BJTR 011635
.T0005 011863
be L 012063
TIEk1  Cleekk
012408

ke C13669
76683 L0138k
77056 015001

5800 L6201 3355 313 16T 78217 LCHSTI
5600 L6001 36 3.28 L1509 TLLE . OL4T00
6500 5801 Elg{s kR .1538 78661 L 014826
. 6200 5601 5291 3.60 1462 TBBEC L OL4948
» 6000 5401 .76 1383 TS . C15067
5800 5208 LUgh 31.93 L1302 T9218 .015183
5600 wsoce .51 212 1219 015
5h00 L k8ee 5671 4,30 L1135 79535 .015611
5200 JHECR 5039 4,45 £1050 19681 015523
5000 Juog JEBLT 4,62 L0965 79819 015634
4800 Ju20e L6808 3,90 . 0884 T995L LOL5Tks
4600 5003 TR0l 5.12 L ofioe 7 Laa585h
4hoo 3803 L7608 5.3% 0723 682,57 Boig7 Q15965
4200 3603 .8oet 5.61 LORHT 685, . 8Nl L0076
2000 3u0% 8458 5.58 L0573 £87.3 S 6188
R0 L8301 6.1 7.21 L0508 683.6 .016302
3ECC 3005 - 6.48 T L0637 £91,9 Rotiat]
300 L2805 L9836 6.82 £.83 L0375 &34, 3 016537
3200 L2606 .03 7.13 6,57 .0318 696, 2 LC16659
3000 et 1,0853 7.60 6,29 L0265 55,4 .016785
2800 2208 1140k 2,05 5.95 016517
2630 2009 1,1596 8,57 5.58 17055
2500 1810 1.2651 9.15 5. civae
2200 1612 1.33%0 9.8 &, 017361
2000 115 1.4187 10.62 b, CiT533
1800 18 L.3TT 11,56 3 LOiTT25
1600 13 1.6430 12.72 3 LORTOhE
1400 0831 1,6148 pUIRT 2. L0823
1200 ofhs. 2.0M2 16,00 2, .cafszh
1000 70 2.5469 18,29 1. €895k
o 2.957T7 19.49 1. 019237
0316 3.6318 26,32 1, L 019596
280 4.1673 20,30 1. o19820
oehp 5., 0000 19.61 1. w@o059
0026 5,5055 19.00 1 020239
2225 18.07 1 (R0ke8
L0283 T.51B4 16.60 1 Q20637
kT 10,5296 13,78 i Q21062
ore 17,338 16.38 EN 21630
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TABIE III.- VALUES OF Z FUNCTION AND REIATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; V; = 1.00, &, = 0.06, 7; = V,x107%, Br = 900 - Continued

(c) 75y = -2.0°, eqy = 0.03490

- - . - Y .
¥ ! s e aeg 4 4 se
1,0000  O.9h0 0, 0000010 2,000 2.128 U, 0000 C
1.0005 . 0000025 L9 2127 . 0001
1,0010 - 0000061 LT 2,124 . 0002
1,0015 L 0000153 1993 2119 . 000k
1,0020 . 0000393 LOBE =13 L0011
1.0025 001083 L9T8 2,104 0029
1.0030 DOOLTSO 1.963 2,088 L0126
1.00302 0006388 1.960 2,084 [O4(¢]
1.0030 0008350 L5956 2. 081 223
1.0025 0019540 LoV 2,071 0519
1, 0020 V02T 1,945 2. 068 0730
1.0015 co3h6a L3 2,067 21
1,0010 o0k158 1942 2,066 110k
1.000% 26 Lokl 2,065 1280
1, 0000 DOSUBC 1,941 2,065 1h52
o0ET53 1.942 2.066 <1790
008012 1,942 2,067 .212
009248 1.9k 2,068 L2kl
QLO4TL 1,045 2,070 L2786
011685 14T 2,072 308
. 012892 1.9 2,074 HBo
L 02409h 1.951  2.0% .37
215291 1,953 2,079 - hoz
316485 1,955 2,081 Lh33
017674 1,958 2,08 53
9880 .9280 - 02005 1.963 2,09¢ .52k
SB60 L9260 .22kt 1,968 2.0% 585
9840 9240 . 02uTT 1.97% 210 .65
9820 9220 . 02713 1919 .o ]
9800 9200 . 02ghg 1,985 2,114 JTEL
9750 g150 . 03537 o 2, w912
9700 .SL00 Lol 2,016 2.1 1.057
9650 9050 LOkT16 2,031 2,167 1,201
L9600 L5000 L5306 2,005 2160 1, 3%3
2550 . 8950 L 2,066 2,20 1.48L
9500 8900 L 06593 2,084 2,224 1.624%
L9400 BBoO o687 £.120 2,26L 1,900
9300 8700 08389 2,15 2,390 2.17
9200 8600 10100 2,194 2.3 2. hh
L9100 8500 11322 2,232 2,38 2.70
000 8400 12553 2271 2.k 2.95
8800 8200 15045 2,351 2.52% 345
8600 8001 17580 2,435 2817 3,91
8400 L7801 2016 2,521 2,715 538
L8200 .TE0L 2218 2.610 2,816 4,8
8000 L Te0L ashs 2,702 2,921 5.23
7806 7201 L2816 2.797 %03 5.62
760G .TO0L -3 2,86  31b 5,98
THoo L6801 .3312 3.00 Lx £.32
T200 L 660L L35 310 33 £.64
L7000 LEOL 3987 3.21 3 6.93
6800 L6201 Lh2hy 3.33 3.65 7.1
£600 L6001 . bsho .65 379 T.43
£400 . 5801 . hBbk 3,57 3.94 7.64
6200 .5601 » 5154 3.70 L1 7.82
6000 .5h02 L5468 3.8% 8,27 7.98
5202 . 5788 3.98 bkl 8.10
5002 L6113 4,13 u.62 8.19
k8o2 LELLT 4.29 583 8,25
1502 L6780 bokE 5. 0h 8.28
ahop L7123 LX) 5.27 8,28
vage L7473 5,83 5.5¢ 8,
4003 .T830 5.03 5,78 8,
3803 .8195 5.24 £.07 8.
3603 -8569 5.48 €.33 7.
. 3uob . 8952 5.73 6.74 7.
3204 .9348 £.00 7 . .
3004 9756 6.29 T . = 4 .
2805 1.0181 6.62 L0382 T 8L, 4
2606 1,062 6.98 L0322 L5838 386.8
2806 L1093 7.38 &, . 0268 5 389.3
2207 1.1592 T.8B3 6.0k o219 . 988 92,C
1.2131 B.3% 5.65 T £ 9910 396.9
1810 1. 272% B.92 5.21 0136 99T 398,0
1612 1339k 9,60 b.T% 0103 N Lo, 4
11k 1bETE 10, ko 425 0075 L9FE Los5,2
1800 218 1.5118 11,36 3.7 0052 LI 509.5
1600 1023 1633 12,54 315 o003k LGeTE b1k s
1400 o831 1. 8022 1k 02 2,66 oo L9978 420.7
1200 0644 22,0637 15.91 2.1b 0011 R k1 L2BE
1000 .OATO 2,5340 18. 26 167 005 L9984 L39.2
0 2.9L66 19.39 1,492 . 0003 L9957 LT, 1
8oc 0316 3.62% 20,33 1.357 L0002 L998 L57.3
o756 L0eBO 31600 20.32 1. 306 L0002 .99 L8k, 1
LoT00 L 02h2 .99k 19.62 125 L0001 L9 T34
L0680 0226 5. 5000 15, 02 1.23%. 000L - 9557 L7B. L
(660 L0207 £.2175 18,08 1,208 ool L9989 58k,
L0k L0183 7.4139 16.60 1.168 0001 L9990 Lgh. £
L0620 L OLAT 10,5267 13.74 3 1L.10% L0000 L9850 515. &
L%10 .0M0 17,3337 10,38 89, 1.8 L0000 L9990 552, %




TABLE III.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.00, Tg = 0.06, Zi = V4X10-%, Br = 900 - Continued
(d) 74 = -3.09, e; = 0.05234

3 5 . . A S - - 28 - ~z
v g = . deg - t ] v = ar=
& ¥
0, 0000010 L0 3191 o a.000
. 5 999 3191 . oo1000 =
Q006 998 3. 189 . CO2GL . 000
£onoL52 595 3,186 » 00300 L 000
0000385 1 s . oobost 001
+ 0001017 . o 3176 -005133 SO0
L 0003138 3,168 CUEIBL L009
L 0005671 1.158 0TI oz
. 002196 3.151 0085 o
003530 3188 . 00907 10
. QORETE 314 009387 140
. 0O5ThS 3,145 . OCOETT 1z
. DOETB2 3,185 - 009801 203
007788 3,104 - Q09851 $234
- 00BTTE 3.1k . QL008g 3
L 010711 3.1h4 . 010311
. OL2611 3,185 . 010404
. OLALBE 3,156 . CLOEES
. 018352 1958 33T . 01078%
. 018188 359 3,188 . 010904
22001 960 3150 . 011011
Nazii- .96 3,151 L 011108
-@3%5 962 3,153 011199
.Ge5ks C.96h 1155 .011282
L O2TE 965 3.156 .011359
. 011495
. 012623
. 011734
. 011836
. 011526
.o12133
. 012306
. 012457
012591
.o1zT1
012821
013014
013181
. 013330
013663
. G1358%
013798
. 013985
018152
. 014303
L Drakke
. OLASTL
Rt
. 016806
Botiaty
. 015020
015121
015218
015313
L o1sk
- BL34ST
- B15587 37,102
O15675 40,180
015763 43, 485
015850 17,045
b2 015938 50.893
5.18 016025 F5. 066
£.01 LO1611H 59,612
6.26 016203 €& 585
6.33 L 016293 70053
£.84 016385 TE. 097
7.18 . 016479 82,821
T.56 - GRESTE 90. 354
800 . QLEGTE 98,861
8.50 L 01£780 108,553
9.08 . 016888 ng, 730
9.77 017003 132,761
16, % L OL7i25 118, 188
158 . 017257 166.813
12,81 L 017400 189, 764
1439 017559 218.87
16, 58 LOLTTI 57,16
19. 37 LOLTHRG 0,02
23,59 018195 38811
30,23 .018510 515, b
41,56 . 018538 5153
50.19 . o19223
61,55 . 019585
£8,33 . 019811
75. B4 . CPO09L
79.05
82,39
85,84
89,13
17.333% 3 89,99




TABLE III.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; V4 = 1.00, Ty = 0.06, Z; = ViX10™®, pr = 900 - Continued
(e) 74 = -2.0%, ey = 0.06976

1
= = . -7 -k *r = = t L -
v Ve - deg tep -y 9 & sec T %
1.0000  ©0,940C ©. 9000010 4,000 b.255 £.0000 2,0008 © o o 0,500
1.0005 L9407 . 0000025 4, 000 3,98l . L0013 . 000k LT . 01433 o
1.0010 Lgk12 . BOCO0E] 3.998 b.25% 0002 L0021 .0aG12 23.5 . 0@8T1 00
1.0015 LSU1E . 000015 3.9% LN-13 . 2 0032 3 35.% . 0hnB o00
1.0020 9422 . 0000331 3.993 .2kt L0010 L0052 .00k 478 .05 901
1, 0025 LGu26 . 9 3.989  L.ab3 0026 L0083 00T 56.8 . 07303
1,0030 .9u3e . 0002825 2,984 ko237 . 00T Nutsh 0126 T35 08975
1.00361  .94356 | COL293Y 32.975 b 225 .03 .0302 oe8e 93.3 L11%06
1,003 L9432 . 003558 3.969 k221 o947 . 0500 L OTC 106.6 13023
1.0025 L9k26 . 005228 3,967 R B L1390 L0605 LO57¢ 11,7 L1341
1.0020 9422 L 006725 3,965 427 1788 L0685 JOES 115.0 . 14Qbs 201
1,0015 . Gs16 L 008143 3,965 4,217 .26 L0753 L0717 1iT7.5 L14353 vl
1, 0010 Lgu2 L 009515 .96k a1 .253 L0813 . OTTE 118. ¢ L14603 ae
10005 LOU0E . 010855 3.96L k2L .288 L0BET 0B 121.3 RETY pEE:
1. 0000 .02 . 012172 3.96% 421 .323 L0917 LOBTG 122,8 . 15000 .
9392 L 01bTS7 3.963  k.2lr 391 L1007 D96 125.5 .15310 Ly
L3980 9382 L 017297 396 ko21y .58 L1087, 10k% 127.5 . 15566 L
L9970 9372 . 015804 L0EL L2168 523 1160 1123 129.3 15785 Ly
L9960 L9362 . oee29 1960 b 218 . .1227 1192 130.8 15976 LTl
.9950 .9352 . 0el7s 3965 421y .653 1290 ,1257 132.2 16246 a4t
L9980 ,93k2 L2720 3.966  b.2eo .6 1348 1315 133, 16299 LO11% N
.9930 .9332 - 02964 3.967 3201 .780 L 1loy 1376 13,6 L1658 L0114 RS
.9%2c 9322 . 03206 3,967 &.222 LBz L1456 L1310 135.7 16565 LOLLLT L9
g0 ,9n2 . 03448 3.968 420k S905 L1506 148k 13%.7 L6683 011419 1.08k
L9900 ,9302 . 03689 .99 b2y R4 1553 1533 137.6 16793 Lo 1.8
.5880 .ge82 . QalEE 3.971 L2 1.090 L1642 LJIER 139.2 16992 LOLL -
. 9860 .62 . DUELS 3.973 b.231 1.212 L 172h 7R 1k6,7 17169 OLLa
L9840 .geh2 .05121 3.976 b 23k 1.333 1800 . 1808 142,0 17328 LOLZ0r ¢
9820 .oz . 05598 3.978 b 237 1.452 1872 1889 1uL3.2 17472 214y
L9800 .3e0e . 06056 3.980  u.o2lc 1572 L1938 L1960 185, 3 LiTBOS L OM2ny
L9750 L9152 . 07240 3.987 |- ") 1.866 L2088 1468 . 17895 L0261
9100 .10 . 08Y07 3.993  h2sy 2,15 2200 148.8 LBk 012653
L9650 9052 . 09568 4,000 [R5 2.8% .2335 150.7 18355 L0124
L9600 L9002 10724 . 008 4,275 2.72 2438 152, 3 18545 L0124l
.9550 8952 .11875 4,015 4, 28L 2,99 .2528 153.7 L1815
.9500 890 130l 3,003 b2k 1,26 L2611 155.0 .18869
.guoo  .BBO2 .15301 5,038 k.31 3.78 L2751 15T.4 .19140
9300 8702 17566 L0855 b, 374 -] 2864 159. % 19373
9200 Bso2 .19815 LoTL B3 5,78 L2954 161.3 195
9100 .B50e . 2205 k. oBg 4 37 5.25 . 3025 162.9 .19762
.000 . Bhoe L2427 .106 439 5.7 . 3080 164, L .19928 L 01284k
. 8800 822 2867 [ L] I, bhs 6.58 .21y 167.1 . 20220 LOLk
8600 . 8002 L3302 4,182 u.hoh 7.37 LT 169.5 . 2047
Bkoo 7802 L3731 4,223 b.5WR 8.11 L3165 1706 L 20691
B20c L7602 Jhss b, 266 4, 60¢ B.78 .3Le7 173.5 . 20888
BOOC L TWOR k573 4,311 3660 9.39 . 3086 175.3 21066
7800 . 7202 L 9Bs 4. 359 4,721 9.95 L2986 177.0 21230
TEOC L7002 .5393 Lo BTBE 10, bk L oBg 178.7 21382
740 .680e 579 L.B6L  b.Bsk 10,87 27185 180.2 .215e3
L7200 .6190 b.516 502t 11.2h - L 21655
7000 £uo2 .658C L.575 5,00 1,56 254k L21T8C
L6800 6202 6964 4637 5.0 11,82 L 2h1h 21808
(6600 6002 7333 L7 5.17 12, e L2281 . 22011
6400 5802 7715 wrTe 5,2 12,18 L2145 .22118
€200 5602 BB 5.8 5. ¥ 12,27 L2008 e
6006 sho2 8uye .92k 5.k 12,3 .1870 22321 LO15730 2, 210
5800 5203 5.01 5.54 12,31 173 655 .2k 013813 u5. 599
5600 .5003 5.10 5.71 12,26 L1600 6637 22510 L 0L 48,991
skoo 1803 5.19 5.8L 12.16 L1468 671 . 22600 52,708
5200 4603 5.30 5.9% 12,01 L1340 678, . 22688 56.6T9
5000 L W403 5.81 6.1k 1181 L1216 685 L 22775 £0.932
w800 L4203 5.53 €. 1157 L1097 £910 . 22858 65. 506
600 L4003 5.66 6 11.29 L0083 6965 , 22960 70. bks
400 . 3804 5.81 6. 10.97 L0875 T0t% 23022 75.801
L4200 L3604 5.96 6. 10.60 L0772 TOEZ .23102 81.638
4200 . 340k £.1% 7. 10.20 N: 23 TG 2381 88,035
3300 . 3204 6.33 T .76 . 0586 205.8 .23259 95. 090
6o L3005 6.5 T 9.29 0502 207.6 23337 102, 985
koo .2805 6.78 8. 8.719 . Ok26 209.4 LR3815 211,697
3200 L 2E0E T.O5 8, B.2% L0356 2114 L2383 121.622
1000 L2406 7.% - 7.76 LR93 213.4 L23571 LOLTI0S 132,950
2207 7.72 7.11 L0237 215.7 L2350 LOLT10N 146, 068
+ 2008 8.13 6.51 0188 218.1 23730 Lorresl
1809 8.62 5.89 0145 220,8 .23812 L OT3bL
L1621 9.21 5.26 0109 223.9 23896 LOLT4TS
1413 9.92 361 0078 227.% L2383 LovmLy
<1216 16,10 .97 . 0054 231.3 . akoTh LORTTEG
L1020 18.89 3.33 . 0035 ST 236.1 .2 L 017981
L0828 23.02 2m Lo02l LR 22,0 2k Low8RLT
L 08B 29.61 2,15 L0011 LTITT 2b9.8 .2h396 018521
. OB66 41.02 1.651 . 0005 T3k 260.8 34537 . 018940
L0387 49,8, 1,468 L0003 LTI 268,k .ouE21  ,Olgear
o300 .03L5 6136 1,381 e LT3 2187 L2WT22 L O0LGSBk
o750 . 68.23 1.297 .00 737 285.7 24783 019810
o700 oeh2 75.80 1.254 L0001 LTI 2949 .2UB60  .0R005:
LokBo L0226 79.03 1.233 Looor LT3TT 300.0 24900 .020R31
L0660 .02 82,38 1,006 L0001 LTI 306.5 LBUDS1 ., QROKOO
L0640 . 0383 85.84 1.168 - 0001 -T377 316.2 25024 + 00630
620 .0W7 89,13 1.105 oooe L 738 337.4 25182 .0R1055
L0610 L0110 17,3372 89.95 1,029 . 0000 L7378 37h.0 . 25450 Loer62h
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TABLE III.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; V; = 1.00, Uy = 0.06, Z; = V;4x107%, fr = 900 - Continued
(£) 7, = -5.0°, e; = 0.08716

1
- - - . - = z
¥ A 5 2 3 B fag
0, Co000LY . OO0 5.319 0.0008 o© [eRe e
+ COD0025 000 5.328 .0013 + 000k v
Bescietl .99 5.7 - 0021 < 0ce Bees
» 0000151 .97 5,315 00 018 Beet
~0000379 997 5.2 L0052 o33 <G
. 00009Th 309 -008x  .o037 .00
L CORERS e 5. 30k .0137 0098 e
.0016181 4372 235 .03 I JOBE
~005001 4,373 285 -0593 - OET 21500
007018 LT 287 .aToL L0531 R-itd
008863 . T 286 o187 598 P
010623 370 286, L0860 (855 LE
012330 i 285 L0925 LOTOT i
LOI000 1569 285 0985 U753 Lo
015645 & 285 L1040 LOT9T R
. L93% . 018875 4. R 285 (11390876 2567
Rl 53% .oeess =368 286 J1eef 2 OOHT JBE3
LFITT 93T L02519 L] 286 1309 L1013 e
L9960 .03 L2830 el 287 1383 10T I &5
L9950 L9375 .03138 - %9 E L1453 L1131 a0l L13191 .011510 LguE
LB9L0 L0344 LT o .1518 .1185 TS L133131 LO1161% 1, 08¢
03743 L. 970 L L1573 137 i AW LoNTIO 1,133
- FTL e L1638 L1286 13522 07T 1,206
-371 i (1693 L1333 L13615 .0118T79 1,318
972 Lo ThE 1378 L13762 L0195 141
L.FT3 5,59 L1bEl .13859 .O12091 1.5%
- 375 5.256 L15k5 £1395 012213 1,781
L9 5,299 1621 (k25 Lozpr 1,966
L.378 5.301 . 1664 L13240 L012422 2.15¢C
8976 5.308 L1783 L1308 012524 2.33%
L8 s3I0 .1923 LSS mETLS
s38 5.317 B o LATTL 01288
4993 5.3 7P05 1G], 02303
Y.39 5.33 .233% L1503 L0166
5,00 5.339 2hbg J15227  ,op328%
5009 5.3 2561 L1530 01332
5.080 5,362 2768 1 L1556 .013582
5.032  5.379 2956 t 15753 013788
5.068 5,395 .u3 t 15917 013891
5. 057 5.13 .3292 L . 16065 014021
5. 069 5,431 L014138
‘086 L Q13665
S12b 014526
154 .013686
186 014830
.29 . 014952
015083
015197
015300
5405
LG15501
L G1559%
L 015682
. L 015768
6.22 L 015852
6.30 L015934
€.50 .016013
6,58 . C16092
6.62 16169
6,76 L0162t
€.87 L016322
7.02 016398
7.18 LOL66TY
T.% .616551
7.56 016628
.79 016706
o5 016786
33 016868
&7 016952
06 ¢ LO2TORG .
52 LORTLIL 158,990
JOx7228 162,433
017330 178,223
196,700
2i9.58
24794
284,80
335.23
409.35
. 530,52
L1000 LOhEL 2. 5460 764,08
L0900 L0385 2,953 383,25
-oBoc o 3.615: 1355.66
JO750 4,1538 1661.52
o0 4.9918 139.%
.oeM0  .o@Ey .49 S26,3
SOEEC LTEOE 6,218 8262
Jo8he 18 74169 ATE.T
0620 LOLT 10,530 +095.3
L0612 oL 17.3383 #527.1
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TABLE III.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.00, Ty = 0.06, Zj = V4X10™€, Br = 900 - Continued

(g) 7y = =6.0°, ey = 0.10453

% - A 3 - s
v 2 g l deg i 1 q sec
5,000 6,38 50008 0 [
4,000 6.382 L0013 - 0003 7.8
5.999 6.381 0001 .01 . 0008 15.7
5.998  6.3719 o005 0032 Q015 23.6
5.996 77 o010 L0051 oy 1.5
5.993 6.378 . 0026 . o7 9.7
5.990 £.370 o059 o135 Q0BG 48.3
5.985  6.365 023 @31 Qush 59.0
5,981 6,361 0517 0370 »0e30 65.8
5.9718 6,358 0EC 0504 0316 71,1
5.976  £.355 A7% 0677 0k26 7.3
5.97h% £.354 236 B ol 9.0
5.974 6.353 +293 . 0880 0558 80,9
5,973 6,353 36 L0958 L0509 2.4
5 hoh L1008 0655 83.7
5 sy L1092 .
509 L1152 8.7
611 L1259 87.3
el L1356 0872 88.7
810 1843 0931 8.8
907 1525 90.8
1,004 1600 1038 9L.T
1671 .1088 92.6
1738 L113h 93.3
t W17 94,0
1862 L1022 9.6
1320 L1263 95,2
.28 53
L2128 .3
L2220 L1
-2307 .3
.2388 .7
. 251 . 01,3
. 2730 . 12,6
£, 2870 .2016 103.8
£ W 213 Lok, 9
€. 3206 22 105.9
8, 305 230 106, 8
6. 3313 +2529 108,3
6, 3508 .27 109.7
6, ¥16 2860 110.9 . . LETD
8 3700 3008 112.0 .13559 L0142z 1 10.862
6.4 3764 i L] 113.0 .
€ 383 3397 11k.8
6 . 3868 L3622 116,54
6. . 3850 . 217.8
6. 3798 Lol 9.2
6. 38 k8o 20,5
[ X 3615 L4336
6. 3hgh LBkBe
6.781 3358 Jh61h
6,830 P12 73T
6,883 3056 852
6.940 2895 k359
7.00 2T L5
7.06 -256C 5150
7Ok 23 L2¥%
T.21 L2222 L5316
7.29 2055 $5391
7.38 1891 L5860
7.7 i 552
7.58 1575 . 558k
7.69 a5 5639
T.82 1282 5650
T.96 1154 5738
8.12 1016 L57B:
8.29 0892 5821
8.49 o778 5858
. B.71 L0671 L5891
.48 B.96 «O573 3921
T.63 9.26 L83 -5
7.81 3.6 kG2 L5973
L0 10.02 39 +5995
4,27 1051 #, 80 (0268 6015
4,56 11.11 .96 L2208 S60R
3,92 11.86 2] 0159 606
2,35 12.82 £, 22 ;18 6059
130 1b.09 535 L6070
17,60 15.81 4,50 5T 6075
.53 1829 3.68 L2036 6086
12,81 22,07 2.91 L 0RL 6092
1,60 28,33 2,22 - 2011 -605€
L7,k 39.66 1.652 . 2005 6099
18,68 1,449 003 6100
40,69 1,320 . 002 LE101
67.81 1,280 .00 L6101
75.60 1,245 001 6108
78,90 1.227 .200L €102
82,31 1.203 2001 612
85.80 1.167 2001 6100
. 8,12 1,105 L3000 L6103
L0610 L0118 17. 3406 89.99 1.029 . 0000 L6103
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TABIE IIT.- VALUES OF % FUNCTION AND REIATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF FARTH; Vi = 1.00, Tg = 0.06, Zi = ViX107%, Br = 900 - Continued
(n) 74 = -8.0%, e; = 0.13917

62

< - = -y -2 = o i
M = cen l deg = ML
1,0000 8,509 ° o.00c
1.0005 8.508 0GLOGL .a0s
1. 0010 8.507 . 5 L 0C
1.0015 8.506 .90301 2 Lo
1, 0020 8,504 . DObORE LOGT
1.0025 8,502 LOO505Y L0c
1.0030 8,199 LO0EL3L Loo:
1.0035 8,495 .00T%0 .02
1,00379 8. k90 L QoBTEY a7
1.003% 8,187 - 00328 .28
1.0030 2,186 .o1o1 .29
1.0025 8,485 Q1050 B
1.0020 2,485 0LoTES Lt
1.0015 8. 48l QL0910 5%
1. 0010 8.484 QAL06: -63%
1. 0005 8. uBy L 01119% LT
1.000C 8,485 R ST
. 9990 8,483 LOL151C
L9980 8 .85 011677
9970 8, 4Bk 011821
- 5960 8, LBh Q19"
L9950 B 485 . 012
-99u0 Lg1s 885 Rots
.9930 -] 8,486 . gLazs:
.9920 975 BuBE 012341
LIOL0 1 aTs 8,187 LG1zaz
9900 gy BT 012457
.9880 X153 8. LHg . 012629 2.55
. 9860 1973 8,490 LQleThy 2,807
LO8hT =13 8. Lyl . 01285E 3.8
9820 £.970 8,493 - 01295¢ .ot
L5800 5976 8. bgk L GL304T 3.77
L9750 9T 8,468 01325 & 51
<9700 1919 8,503 L01341% 5.25
L9650 1. 580 8. . 0L356¢ 5. 95
L9600 7.981 8511 L 013693 £.7%
L9550 983 B.516 o131 745
9500 1. 585 8,521 LO13917 8,251
K- 7.988 8,530 . 0Lu10:
L5300 L9 8.5k LOLUZET
L9200 1995 8,551 LO14411
LEoo . 999 B, 568 Roth ]
< GO0C W, 00l 8.373 L QLUE5E
8800 S.012 B5% Q14861
.B6CC L 22 8.681
. Buoo . o32 B.E4T
L8200 Q43 B.6T5
. Boog . 05k 8.705
. TB00 b, 066 B.73¢
< TE0 L. 079 8. 769
L TA00 f.003  B.804
T00 5,108 B.8h2
2 T000 s.123 B.882
L6800 L0 BLgRY
£600 5,158 B.gT0
LELC0 HATT 9.2
L6 198 .07
60 220 9.3 L 015403
L5800 9.19 -QULTE
. 5600 9,26 QE55¢
L5400 9.33 16625
. 5200 9. 51 . 010636
. 5000 9.50 L G176
L 4B0O 9.60 968y
BEOD 2T Bots-og BE -
oo 9.83 . 01697 .53
L4200 . 9.96 . OL7OUE Fhe
4000 4,600 10,12 Lo .97
» 3800 r.6T8  10.30 L QLT7IB 15665
3600 757 10.50 LOL7240 167,250
. 3600 8L 10.73 L0I7IF 178 77
» 3200 .95 1101 LOLTRLC 191. &4
. 3000 p 1.3 OL7hEY 205.53
. 2800 1L.TH 01757 221,35
.260C 12.22 L0175 235. 3%
2400 12,84 LBITTS 268, 2¢
2200 13.64 L OLTESS 284 85
.2000 16,70 LT 314,81
1800 16,17 . 01808 352,958
L1600 18,3 L0182% &0a, 68
1800 21.67 Rulthtd a7h, 18
1200 27.50 L 018657 588. 37
1000 B8 + B1500 801,30
o900 R 100417
. 0300 39.75 1379.51
L0750 67.18 1683.00
L0700 75.28 2160.5
. 0680 T8.€8 2uiT, 6
L 0BE0 82,17 2818.3
L0640 85.73 3497.3
0620 89,10 5191
s 3 LNy 17. 34b9 89,99 8530.3




TABLE III.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF FARTH; Vi = 1.00, Tg = 0.06, Zj = V4xX107°, Br = 900 - Concluded
(i) 74 = =10.0°%, e; = 0.17365

. - 3 - = t :
B 1es s i ? sec -
1, 5000010 10,000 0. 0000 L0008 © o o 0 0, 0o
. 0000025 .C.000 0000 L0013 .oo02 87 00568 . 001603 e
. 0OODOLL 9.999 0001 L0021 0005 9.4 LD1I37 . 00200 Jton
. 0000151 9.999 0004 0032 . 0009 k.2 . 01708
. 0000375 9.997 0010 L0051 . 0016 18.9 . 02283
. DO00JkS 9.996 0025 . onB2 o028 23.8 . 0285
. D05, 9.994 O0ES .or3e Qo7 28.8 A3WEE
. 0007015 9. 991 CL8T L0223 0082 .2 ok128
. 003225 9.987 o .ou78 aiBo L2,2 5090
» DOBEgL 9.98L 237 L0733 ~0300 b7.5 05731
- 613065 9.982 38 0960 0365 h. 5 5975
L 016814 9.981 us8 1088 .oWl5 50.8 L0613
. 02036 5.98L 542 L1195 LOUST 51.8 . 0B25!
. 02379 9.980 £33 (1250 . okoh 52.6 L 08354
02715 9.980 22 L1376 L0528 53.3 L0ELY
L0304 5.979 809 (b5 0559 53.9 L0ES10
03370 9.979 895 1529 . 0588 545 575
k01O $.978  10.£12 1,06k L1866 ogL2 55.% 06685
OlbUL 9.978  10.612 1.230 1785 . 0631 56.2 06778
05265 9977 10,612 1394 L1896 o736 56.8 06858
. 0588L 9.977 12613 1.55€ L1959 o778 57.4 0652%
L OENOB 9.977  10.61¢ 1.716 L2055 L0818 8.0 06993
27109 9,976 10.61% 1.876 L2186 . 0856 58,4 LO7050
OTTLT 9.976  10.614 2, L2271 0891 8.9 .on108
0B322 9.976  10.614 2.19 2352 0926 59.3 07151
08924 9.975 10,614 2.35 .2k2gy 0958 59.7 L7195
09525 2.973 10.61 2.50 .2502 - 0990 60.0 07237
10721 9.975  10.61t 2.81 26k 1050 60,6 07313
11910 9.5975 10,617 3,11 L2768 L1107 61.2 o738L
13094 5,974 10,618 342 L2887 L1160 €1.7 orhk2
1272 9.974  10.61 3.7 2997 1211 2.2 oTho8
15447 2,978 1C.620 4.01 3101 . 1260 62.6 oT54g
18365 9.974%  10.62F boTh 3335 L1373 €3.€ areé2
2126 9.973  10.621 5.4 3539 16T Ehb 07757
Labil 5.573  10.63u 6.16 3ng LT 65,1 L0781
2700 9.973  10.634 6.85 L1560 £5.8 . Q7915
. 298k 9.973 10.637 7.52 ucen L17RM €6.3 . 07981
. 3266 9.973  10.64: 8.19 By 1823 66.9 . 080L2
. 3826 9.971  10.Aky 9.48 L4362 L1968 67.8 081ig
4380 9.973  10.697 10.72 534 L2102 68.6 ofzur
. g 9.97% 10,66 11.91 LHETL R €94 o322
.$HT0 5.97% 10,674 13,06 ATT8 LR 70.0 LB .
LEO0E 3.975 10.68: 1516 4858 . akuy 70.6 ToEREL . owbenl
. TO59 9.976  10.7C! i6.22 L5956 L2637 .7 oB57TT L0157
. 8cBg 9.977 10.72! i8.10 . Lg8L -1 T2.7 L0868 LOL5
- 594 9.979 10.7h 19.81 L1956 . 2976 735 . 08767 L0156
1. 00TS 9.981 10,764 .35 L4885 L3121 T3 . aB8LT L0557
1.1031 3.983  10.78" 22,71 T 3253 75.1 L,OBglg  L0157GR
5,985 10.812 23.91 JHERL L3375 5.8 . 08986
5.988  10.839 24,95 L uh82 . 348E T6.5 . 09089
9.991 10867 25,84 JBIb L3598 7.1 . 09107
7200 €610 ) 9.99% 10857 2%.57 .b112 3680 .7 L9162 :
7000 L6510 1 9.998 10,927 7,14 . 3908 37T 8.3 . 09215 Nt
L6800 L6210 10,002 10.9€% 21,58 . 3697 78.9 J09265 L0163
6600 L6010 16,006 1100 27.87 L3481 3940 9.5 09312, Q16hID
£400 5810 10,011 110k B, 02 . 3e62 013 80.1 J09358 016w
6200  .S610 10,016  11.08 280k L3043 4081 80.7 .ogu03 L 016Lea
L6000 510 10,022 1113 27.93 . 282l B4k 51,3 LOONMG L OL6rw
5800 5219 10,029 11,1 27.69 2608 L2032 BL g . 09uB8 LOIETLO
5600 5010 10.03  11.23 27033 2396 L hase B2.5 - 09529 LOI6TH2
SROO 810 26.86 2190 L L300 83.1 09569 . 01655k
5200 W10 26,28 L1989 L3 B3.7 L09609 L 016%k 123
. 5000 LR 5, 5% ) e d ;) L 09648 . QUEgE3 131 562
4800 L1612 b1 Bs.¢ LO6BE L OVTOGE 139.915
4600 1U3E LTS 85.7 . 09724 017129
4400 .1270 451k 8. . 0gTE2 LOITL9T
4200 L1114 45b6 87.1 L0gBor  LOMTES
L5000 09%9 B5TS 81.9 09833 . 0L733F
. 3800 19.60 L0834 . B60E 83.7 . 05877 LOETL02
. 3600 18.35 L0709 .62 89.6 L09916 L ORTLTR
. 3400 17.05 L0596 . b6k 90.5 09955 L ONTHg
. 3200 15.71 . 069y ) 9.5 .
. 3000 1h, 3% . oho2 68T 92.%
L2800 12,94 L0322 < b0k 93.8
2600 11,53 L0251 Ryl 95.2
2600 10.12 o9 kT30 %.7
2200 8.12 L0 L hTh 98.5
2000 .3 L0099 LL7S0 100.6
.1800 6.03 . 006E st 103.2
160C b7 . 00h2 LB 106.3
1800 361 Lok TR 110.5
L1200 2.58 L0012 LT 116, %
1000 1. 760 - 0005 SUTTE 185.7
. 0900 1,467 L0003 LT 132.7 L0756 019305 1054, &2
. 0800 1,290 . 0002 LWTTT 142.8 .1085: L 019625 1410, B2
. 0750 1,208 . 0002 W77 19,7 -10917 LOL9R43 1710,
Q700 1222 . O0CL ] 159.0 10995 LGeeLLE 2186. %
. 0680 1.210 ,00CL AT 1641 11035 2u73.2
- 0660 1,192 . 000L i 170.6 11086 2873. ¢
L0EH0 9 1.162 00CL LT 180.3 111 3520, 1
L0620 122, 5906 1,104 L0000 W7 2012 11315 5124, 4
L0610 17.3534 1.0e9 L0000 LUTTY 231,5 11581 8534, ¢
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TABIE IV.- VALUES OF Z _FUNCTION AND REIATED QUANTITIES FOR LIFTING ENTRY INTO
ATMOSPHERE OF FARTH; Vi = 1.00, Ty = -0.06, Z; = V4X10™%, pr = 900, 74 = -0.5°,
ej = 0.00873

(a) L/D

i
O
\J

- -7 A 2
z aeg I seg L I = BL
0.500  0.k72 o [ o.000
56 + 11653 001014 000
488 JAna <2IT5 « 000
L 565 439 6957 003151 001
+0001073 <397 375 83192 005139 003
000261 5 325 307 81556 006303 005
.298 281 87330 006618 012
277 261 91547 006829 015
260 L5 F4968 00EG90 016
231 217 1.00877 007225 020
. 195 2.4 007396 023
187 377 1.08780 007528
7L 161 1.12180  .O07E3H
157 143 1.15e85 007723 031
2185 137 1.18153 007758 034
135 128 1.20831 00786 036
2128 120 1.23358 007922 037
122 115 1.25758  .00797h 039
117 111 1.28050  .008022 oh1
113 107 1.32361 008108 .Obk
115 +108 1.36363 -008188 048
121 11k 1.60099 008265 51
.132 124 143593 008341 055
145 137 1.668%3 . 00BA;
.188 Byl 1.0137 1.54083 008628 o7l
.233 .220 1.317h 1.60077 JCOBBLT
275 258 1.2106 1.6502 L0006 105
.308 290 1.235 1.69105 OO a7
2333 2313 1.72%31 ~OOPHES A%
.38 329 009640 -176
365 1343 L5027 1.80170 ~00993
362 L340 1.675 1.83%10 -Q10175 284
349 .37 177 1.87013 010368 338
330 .300 1.85 .010526 4390
310 290 1.95 1.92047 010658 s3g
27T 259 1105 2,095 1.961%7 -010867 531
264 SR 116 2,240 1 013033 616
276 238 .16 2.2 2.02615  .011180 .
310 289 13 2. 2.0%30  .0L1323 199
356 2331 1109 2.5 2.08% oLl 912
505 .76 <1105 2.4k 2.10411 011619 100
Jakg 17 L1000 2.7 2.13%27 011755 1.195
A8 ] L1092 2.8 2.18230 011918 1-36h
508 LBEgy 11078 2,905 2.15651  .012057 1.548
a3 RS 058 2.97 2.17318 012189 1.7k
ig koD 2.18657 .012313 1.943
. b5 2.9889  .012k28 2.162
:;2 502 2.21C32 012537 2.384
. Sk 2.22038  ,012630 2.617
S8 533 2.2397 01270 2.863
618 2560 2.24036 012839 3.129
<EEL <557 2.24921 2012937 3.819
Nty 633 i 2.25753 013037 %7%0
Beed 697 L. 2.26537 .013139 g&?
JBeg Bl 1. 2.27274 013243 4.
.928 .88 1 2,27966 013351 5,950
1.012 895 1 2.2861% 013K 55470
1.102 959 1 2.922 013572 6.05%
1,197 1087 1 2.297190 013686 6.708
1.208  1.128 1 2.30%1 013802 7.4%43
141 1 2.30818 013913 8.271
1.53 1 2.31283 014038 9.206
1.6 1 231718 .OL4159 10.265
1.82 1 2,321k 014282 11.470
2.01 1.1 2.32%03 JOLBL09 12.85%
2.23 2.32857 014539 1k 555
2.50 2.33186  .0W4ET5 16.332
2.8 2.33492 018816 18.551
3.22 2.3377% 016555 3212
3.73 2.35035 S015123 2h BhE
L.36 2.3%27% 015291 28536
5.1% 238491 OIFATL 33.
6.27 2.36686 015666 39-852
777 2.3480  .0187 48.252
9.92 2.35013 016113 59.602
11.38 2.35081 L0154 56.863
13.25 2.350%  LOLE3TT 73591
15.70 2.3501 016503 36.26%
19.05 2.33252 016634 99.625
23.92 2.37298 016862 116.952
L0h50 21081 27.31 11.67 2.3531% 016961 i27.815
OO0 0963 31.7% 12411 2.35338 017063 150,860
-C352 g 37.83 13.78 2.35353 017191 157.185
0300 083k L17935 k.02 15.26 2.35372  0I7EET 179.353
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TABLE IV.- VALUES OF Z _FUNCTION AND RELATED QUANTITIES FOR LIFTING ENIRY INTO ,
ATMSOPHERE OF EARTH; V, = 1.00, T, = -0.06, Z; = V.x107%, pr = 900, 7; = -0.5,
e; = 0.00873 - Concluded
(p) L/D = 1.0

= - -7 =M By - = t =
¥z 2 seg I Qe bt 1 J @ sec 2 I :_V
1.0600 ©.0000010 0. 0012 0 [ ©.000
1.0605 0000025 .boe 0019 L0053 95.2 11645 001014 000
1.0610 OCO0DER h8s 0030 Kath) 1940 23727 002050 00
1.0615 .0000YTL JhE; .00kg L0295 302.6 37019 .003151 .001
1.06205 000098 .3 0119 o922 515.6 63108 .005101 003
1.0615 0002561 ,281 0195 669.1 1903 006205 008
1.0610 0003437 .235 0221 720.0 .B8140  .006486 010
1.0605 -000k0R 5 197 .0239 756.3 92819 006663 012
1,0600 ~000khGh 2168 0253 790-3 196726 005787 013
1.0590 000516 L0270 B4k, 2 1.03321 006343 D16
1.0580 0005551 0279 891.3 10906k o702k W017
1.0570 D005 T .0283 935.0 QOTO56 017
1.0560 000547 0281 977.€ 007051 017
1.0550 - 000! 0RTE 1020.% 007016 017
1.0840 000519 .0268 108k.5 1.30159  .006936 .01
1.0530 .000s B2 0258 11i1.2 1.35826 O0KBTS .015
1.0520 000kk3C 0246 11614 1.k1922 L00ET30 013
1.0510 0004051 o3 1216.3 1LAA570 006682 012
1.0500 .000375C .0225 1276.5 1.55858 006397 01
1.0480 ~CO0365E -oe21 1410.7 JOUE5E9 011
1.0460 K 27 .0ak8 1541.1 006835 o1h
1.0440 000665 0296 1639.8 S07242 020
1.0420 0009245 o3h7 1708.6 007609 028
1.0400 0012005 0394 1759.0 007301 037
1.0350 0018450 245 ‘oh2  1.351 1855.3 008385 057
1.0300 002345 179 A0537  1.8653 1906.3 -008L57 073
1.0250 00267k 111 L0567 1.5662 195€.7 008508 083
1.0200 002852 056 0578 1.66b3 2002.4 008585 .089
1.0150 002921 021 0573 17578 2046.1 008918 o92
1.0100 L0020k 015 W0573  1.848% 2089 .4 008932 093
003106 08k 0575  2.0277 217%.9 009004
003724 192 J061%  2.1957 22524 009217 126
LCOUTHE 2! 0676 zabhs 2315.5 L60gh99 155
005860 24 o7z 24wy 2365.9 005745 153
006808 192 O 2.5912 408 005924 227
007891 .087 L0787 2,800 281.1 010113 269
003403 088 2. .010208 .293
009425 .188 3. .010362 337
01 264 3. 010592 RS
L013431 251 3. .010812 504
015084 190 3. 010967
016155 153 3 011072 538
01700 153 3. 011158 .
0181k 215 3. 011261 756
019860 2687 ' 011393 A52
02204 328 5. 011541 972
.oak27 323 5. 011681 1.103
Joefe2 292 5. 011801 1.229
02779 253 5. 011901 1,35
02913 263 5. 011990 1.35¢
5300 03053 012079 1.579
5600 0322F 362 012180 1.728
LS00 D35 hag .55 .01229E 1.92%
5200 03700 %80 1.57061 01241 2,134
L5000 C336T «505 1.58867 L012536 2.3180
4800 .obz27 510 350771 012651 2.642
00 JOBhES 511 3.60988 012760 2.912
oo L0BE8T .526 3.62132 012863 3.19¢
JLgo0 Oh908. -569 3.6321 012966 3.506
LooD 051h8 WGl 3.6h23! .01307; 1.861
.3 054pl WTH 3.65193 .013188 L.282
. 5600 05743 B 3.66090 .013311 b.785
. 3400 95 3.66924 013k 5.381
1200 OENTT 1.05 3.67€96 .013576 £.072
1000 06865 1.8 36810 013712 £.865
Rl 1.25 3.690T1 013850 7.773
07648 1.40 3.69672 013991 8.8k
08053 1.5% 3,70247 014138 0.068
.084G0 1.8 3.70768 014293 11577
.0BYEE 2.18 3.7126% 01440 13.b49
2400 09488 2.61 3.71677 D163 15.813
2199 +10049 3.16 3.72066 _uv;gab 18,862
1999 .10630 g.:—!? 372811 015085 22.778
1799 11157 -8k 3.7k .0L52TH 27.992
1598 REGE 6.27 3.72976  .015526 35.106
0900 g7 11908 T.23 3-73092 5662 3%.692
IBOO 1394 12062 B.51 3. 73197 015807 §5.23%
D700 L1295 12142 10.19 3.7392 013563 52.083
0600 L1183 12117 1249 3.73377 .Q1£132 £D.586
13500 L1050 11934 15.81 3.73452 L01£318 11601
o450 L1037 JA1TR2 18.10 3.73485 016418 78,411
ohoo 098U 11521 21.02 3.73516  .016526 36.507
0350 L0929 11155 24,91 373583 .O1663 95,955
0300 L0872 20787 30.37 3.73568 01673 107.875
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TABLE V.- VALUES OF Z FUNCTION AND RELATED QUANTI_T_IES FgR LIFTING ENTRY INTO o
ATMOSPHERE OF EARTH; Vi = 1.00, ﬁa = 0.06, Zi = VinO_ , Pr = 900, 7y = -0.57,
e, = 0.00873

(a) L/D = 0.5

- - s _ - % 28
z deg I teg i 2 I * sec = # "7%
a.500 ] o 0.000
REI 11610 .001011 000
486 23591 002032 .00C
486 36513 003116 000
387 005376 008
.304 8722 006622 012
278 92573 006859 +013
257 96708 .007092 018
g 1.00127 L0072 e
211 1.05721  .0OTMS0 oes5
188 1.10321 +007620
169 114309 .0OTTHM 032
5 17881 .o07BMk 035 )
b 1.21148 007928 038
129 1.9518) 00799 obo
.121 1.27030 008061 ok
\115 1.39726  L00BNIE 045
e - 1.32205 008168 o7
108 A115 1.34752 008213 ohg
0017340 108 1.39361 ~O0E300 053
0018630 W14 1.43678 .008382 057
002003 126 1.47678 B £5 061
151358 008550 066
154859 L00BE33 7L
.00BB7E .088
009120 .110
009156 -136
009574 1166
€7 .009TTL .198
1.83616 00g9hE 23
1.88246  .0100h1 302
1.91930  .OLT: 373
1.95007 010664 B2
157672 010818 .508
2 .00045 010942 2570
517 -0835  1.654% 1695.3 2.06188 -011156 688
574 .0837  1.7561 1729.1 2.01773 -01132€ 802
£28 .0832  1.85:L 1755.8 2.10963 L011432 .923
685 0826 1.9374 1787.8 2.13815 L011637 1.061
0 L0819 2.01kg 1813.5 2,16360 011797 1.225
0§12 2.0850 1837.0 2.18626 011360 1.418
2.1585 1858.5 2.20656 012121 1,640
o789 2. 1878.1 2,22451 012277 1.887
L0771 2.256: 1996.3 2.26075 012425 2,157
SLThG 2,305 1913.3 ,25550 .0125€5 R
L0722 2.3%EC 1929.3 2.26900 01265 2.752
0652 2.3881 194k, #.281%7 .012820 3.076
0659  2.h2kz 1959.2 2.29306 .012938 3422
0625 2.457% 1973.2 -3033L -013053 3.79%
0583  2.487 1986.9 £.31%10 <013166 4.200
2.32369  .013279 .65
2.33272 -0133%% 5.158
.3 122 013512 5.73%
2. 3452l +013633 5,39
€.356T8 013756 7154
kgeo 1. 2.36386 013885
4600 1. 2.370%  .0LkS
khoo 1. 2.376T7 .01815%
5200 . . 1. 2.318268 014293
000 L3500 17550 1546 1.81% 238817 .01W435
.3800 23200 .1902% 1.69 2.0z L01k582
3600 3000 2066 1.86 2.23 014733
3800 -2801 2248 2.05 2.4 Q14BI1
3200 L2601 2.28 2.81 015055
3000 L2H01 2.55 1.19 015228
-2800 2201 2.88 3.87 015613
L2600 2001 3.28 5,27 015611
2406 .1802 3.78 5.03 015825
SE200 L1A02 k.39 6.02 016060
+2000 1453 5.13 7.3 ~016321
1800 1205 6.12 9.17 .016616 93.706
1600 .1008 7,38 LL.TT 016957
.00 L0813 3.03  15.68 017363
+1200 0622 1119 2197 -037871
1000 LObk1 13.76  32.69 2.44352 018555
0900 0355 15.86 b, 244532 019015
0800 1%.92 49.96 2.44758 013623
0750 0222 1400 5h.85 2.54918 020037
L0700 0167 11.81 5%.27 2.55177 020633
0680 0141 10,52 .78 2.45358
0660 L0112 .59 6191 2.45652
0650 L0095 T.hg 62.33 2.4
-0073 6.2 2. ?.46238
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TABLE V.- VALUES OF 7 . FUNCTION AND RELATED QUANTITIES FOR LIFTING ENTRY INTO |
ATMOSPHERE OF EARTH; V; = 1.00, uy, = 0.06, Z; = V;X10 8, Br = 900, Y; = -0.5,
e: = 0.00873 - Concluded g

: (b) L/D = 1.0

z 7 - = N E] 4
dew deg 3 = T T
1. £.0000010 0.500  0.532 0.0000 6.600
1. 0000025 hoE 528 .000L 000
1. 0000063 485 516 0002 -000
1. 0000265 465 figh 0006 000
1. 0001223 37T 398 0092 .00k
1. 0003518 255 271 .o132 011
1. 0004371 211 224 0168 013
1. 0005026 176 185 0183 015
1. 0005541 W1 150 0208 17
0006240 .08k 089 023% 0.5 1.04933 .01%
0006592 035 037 02T 1194 1.3b975 020
0006666 -.00T  -.007 024G i 1.20689 .020
DO0ES51T - .01 -.0u3 o2h3 1030.7 1.20331 .020
0006196 -.067 -.071 0231 190.1 1.3209% 013
005758 -.08% -.083 021y 017
0005261 -.08y - L6196 .01
L000RTTO -.0B2  ..087 -GLTT .01
0004361 -.059  -.063 0152 013
0008125 -.019  -.020 L0153 .01
0004578 .97 104 0169 oL
0006593 203 216 0253 020
0009671 258 275 0356 029
0013138 276 .29% .ok83 040
0016619 273 291 0609 055
002435 g .233 0837
003000 155 165 1087
003351 090 096 1207
003526 J0k2 .0k5 1262
003592 .13 021 1278
003635 027 0o 1286
003381 1k 121 1392
Ll T) .21k 229 1709
006342 251 269 216 K
007T4E 228 ey 261 010055
a7 187 295 01021
010157 085 1 329 .010333
010569 .110 119 346 L0105
012660 213 230 389 010689
015381 -269 2 160 .010932
018192 243 263 528 011146
02035 186 202 ST4 33K 011299
02187 -156 170 598 3.501 .01140E
02332 L% 200 618 346173 011509
02516 251 278 651 31.47456 .011632
02820 315 385 700 kN .01178¢
03156 33 ~757 011939
03491 333 .808 01208l
03790 308 LB45 012210
04053 296 .B70 012319
04307 3 .838 .01zhal
597 -364 e 909 012534 2.37"
04955 32 483 939 01265¢ 2.654
05387 b8 557 01278¢ 2.993
05877 LS4 612 1.015 012926 3.3%
06394 568 £hS 1.050 013065 3.83¢
17T +585 669 1.079 013196 4.323
O7hik 610 702 1.099 -013327 4.85%
07994 E57 J760 1.113 .01345% 5457
08603 731 853 1.126 013582 6187
09308 832 979 1,181 .01373C £.931
<101k0 .55 1.13 1.159 013880 8.004
£13117 1.08 1.30 1.179 LOLLOks 9.264
.12245 pt-3 § 147 1.198 015216 0.
13532 1.35 1.67 1.213 014394
+15003 1.52 1.50 1.222 01580
.2800 L18712 1.73 2.13 1.226 LQINTTT
2600 18759 1.9 2.59 1.225 O1BGBE
.2k00 L2130 2.3% 3.12 1.221 015217
.2200 2455 2.79 3.83 1.213 OLSWT
2000 2886 1.36 Al 1.202 015758
1800 3480 bae 6,15 1.186 016083
Bt B35 5.07 8.09 1161 .018kE0
1400 -5715 5.37 1Ll 1.126 016913
1200 .A212 4,14 16.11 1.087 .O1Th8T
1000 1.5015 10.18 270 1.06% .01828%
0500 2,075 30.69 §.068 0002 3.7123 3 018537 £91.83
0800 3.6360 37.07 1 L0001 3.7125 3 019592 136k .26
L0750 5.4879 %0.07 1.048 W00 3.7125 3 .02012¢ 2195.2
0700 10,2554 L2.06 1.012 000 3.712 4 020891 h395.2
0680 14,8134 n.10 3.8 1.018 0000 3.7126 36T 3.97679 021330 5535.3
0660 2k, 37hg L.85 W05 1.008 S0000  3.7127 19924 3.00295 .02191% 11079.5
0650 33.7769 L& 4 .29 1.003 0000 3.7127 Lovz.g 3.88777 022298 15586.3
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TABLE VI.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.02, Ty = -0.06, %3 = V3xX10°°%, fr = 900
(a) 75 = -2.0%, e; = 0.05337

1
= - -7 -2 -3 -ty —Z
kS = deg l aeg - = Vel
1. 0800 2,000 1.98% o 3 0, 60
1.0805 1,930 1.823 03111 Neade 2 000
1,081 1.855 175 6T L0013 000
1.08: LTT3 1.673 . 09829 . 003250 . 0oL
L 1,680 1.587 S136T% 004355 . oL
1, 0825 1589  1.463 L1857 005900 006
1. 08256 1.58% 1506 (kB 00e5X .61
1, 0825 1,537 1,357 . 2380 . COTOES Bakg
1, 0820 1,362 1.286 L 26521 . 007811 .033
10810 1300 129 L29057 . 0O0BH00 osE
10800 1,266 1.1% . 30550 - OCBTHY
10750 1.186 1.120 . 3b6h2 . 009610
1. 0700 1.155 1.090 .3%858  ,oLo0E2
1, 085¢ 1,142 1077 .3Bhk23 01035
1. 0600 1138 LoTs . CLBLT
9950  1,0550 1181 1,076 6. . 010816
1. 1.1 1083 233+ . 010586
5800 1.0400 L1Té 1106 35, L OLL26T
9700 1.0300 1.207 1.137 354, Nosits)
%0 1. 1247 1178 2 L1165
$50C  1.0100 1.291 1.215 268 .C118T1
9500 1.0000 1339 L5 3768 . 32008
930 .5 130 L306 ‘oo .012172
00 . 5800 1.443 1.354 3Bh. . 012305
9100  .9700 1,597 1,805 . 013625
9600 1556 LA5T . 012545
1.6TL L6 1.0 012760
1723 L6Y » L2625 1 012956
1.918 1. 790 3 266 L. L013137
2,047 1908 : L2688 1 013306
2,180  2.028 5 %54 1. L OLIWEL
2.6 2,150 4 L2686 1 013614
2.455  Z.2T5 4 L2664 L 013756
2,597 2.403 5 L2630 1 LC13892
2, 7ib 2.533 5 S2% 1 . C1heRY
2.8% 2,665 S 253 1. LOLu1YG
3.05 5. L2467 1, .c1karo
121 & 2396 1 .014368
3.37 £ 238 1. LCIh5e2
355 7. 2038 LK L01LE1L
W72 7. 21hs 1Ly 015723
3.90 L 014829
ko9 LOLhg3Y
4,30 L OL5037
4,51 .01513%
W73 015239
4.96 .015338
5.21 LOL5437
5.6 C1553%
5.76 15632
£. 08 15736
6.32 ur2. 015828
6.75 aTh. s 015926
7.15 4T, X 016025
7.58 a7e. \ 016125
B.0E ugie 016227
B.60 a7 016330
g, 5564 L CL6435
9.92 55758 .OLGSE3
1075 55820 016653
11.7L 55878 67T
12,88 493. . 55913 L Ouh8aL
14,32 4. 55086 LOL701T
1€.18 L9 ¢ 5% L OLT15%
18 6% SOL. 56083 17300
22,10 505 k3 CLTHEL
2u.h3 L SELUT LOLT5AE
27.39 » (EB1E6 L OITRLY
21,28 117 56185 JO1TTHE
3%.68 - 56202 - GLTEGZ
ik, Ba - 56215 LOITESS
50.8% 519, . | K206 . 018032
59.61 5217 56253 016183
sy 523 6235 .0LB23
1. 52 56238 018301
.0350 LOET L5075 T5.4% 58239 . G183
LO3LO .73 L5201 81.83 4 56281 018403
.33 e 5 L5h3e 85,05 i - 56242 LGIBLTL
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TABLE VI.- VALUES OF 7_ FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF FARTH; Vi = 1.02, Wy = -0.06, Z; = V;x10"6, Br = 900 - Continued

(b) 75 = -3.0°, e; = 0.06608

3 ] o -y A Br - = B &
v 4 “ deg l g e q J 9 soc _x-I
1,200 1.07w ©. 0000010 3000 2,833 . 0000 013 e o [
1.0205 1,080 . 295 2,790 . 0001 TR0 0010 1.5 . DOXOGE
1.0010  1.08 0000069 906 2,74 oo 033 o6 31.3 .0aR13F
1.0215  1.0814 . 000182 855 2,606 o006 -0053 0053 50.6 00307
1.0220 1,081 . 0000500 2,643 0017 .0cBy 0059 fR.A L0034k
1. 0001527 JT3T 2.585 + 00558¢ OB
1. DO0EHLL 651 2,504 -COT1TS 015
1. . D168 .592 2,559 . 008252 ohg
t. . CEResLs 567 2.425 008711
1. -OOhOLT . 2.39% 009215 11+
1.0200  1.0719+ 005375 2.383 . 00954k H
1,0150 1.0T5 0116 2,346 . 010k0g 3hh
1.0100  1.07Cx LCIT612 2,33 010873 523
1,0050  1.0657 L023h 2.326 011197 700
1,0000 1,066 . 02920 ER T N1 CL1kkE &7e
9950 1.0550 - 0348y 2,325 . 01165¢ 1,057
L9900 1.050: . 04055 2.29 .011822 1,22
9800 1.0he: .osxgg 2.3 . 012105 1.58%
-3T00 1,030 - 0621 2.35% <012333 1.94¢
L960C  1.000¢ .07395 aim . 012524 2.111
9500 1,009 . oBiigS 2.3 . 012690 2.68%
2.b12 01283 3.061
2,435 012968 37
z.bgz 013088 3.86¢
2.4 G131 b.zhe
2.510 ©13381 .69
STho 2.565 013486 5.9k
801 2.6k -013652 €.375
2.878 2.686 013802 7.296
.52 2,751 .013939 B.28&1
3931 2.820 . 015068 9.272
3114 2.892 .014188 10.332
3.201 2.967 .C143e 11.L46
3293 3046 .o1kk10 12.618
e 3128 L01k514 13,857
3.550 3.215 .01%613 15.157
3.5% 3.305 .3ce3 LO1kTIO 16,524
3.708  3.399 S1ITC L 014Be3 11,974
3.826 3.499 31308 01484 19.508
3.951 3.€03 31h39 014983 21,133
408 372 315€3 015075 22.857
5,22 3.827 JR6BL 015156 2L 689
.37 3.948 31793 L 0I524C 26,63
4.53 4.08 L3190t .015304 8.n7
4.70 by - 32003 .oL5407 30.938
4,28 L3 -1 01548y 33.31%
5.07 451 -32196 -Q155T1 35.862
5.28 b.67 .32286 015653 38,601
5.50 .85 -32373 ~C1573% 41.553
2.75 5.03 . 2856 2015817 B4, 703
£.01 5.23 L2537 . 015899 L8, 200
£.30 5.h% 11191 <614 . 015983 51.959
6.62 5.68 L1016 1L SPEB 016067 5E., 060
6.97 5.93 Logo7 1 .PT61 016153 £0,554
1.3 6.20 Y .PB3 .o6rho 65.498
7.81 6.51 LO715 2 = A 15 70.966
8.31 £.86 L0627 1,23 290, 1 . P92 . 016k20 T7. Ok
5,88 7.22 L05Ls 1,2 292, .3300% 016514 83,8457
9.5k 7.6k e LOME8  1.2u7L 29k, L 33084 016612 31,513
0.2 8.11 k4 .08 1.2504 296.1 L3363 ,016713 100,226
11.28 8.65 7 L0333 L2583 298, 5 33197 016818 110.225
12.37 .9 L2751 23351 016930 121,833
13.77 2R L2 1, » 33302 017048 3
15.56 5.98 JOITE 1 31350 SCITLTS
17.96 5.ks L0135 1 £33396 L01T313
21.35 4.8 L0100 1 SIWW 017466
23.64 k.60 L0085 1 + 33860 .m'rsgo ~2.90
26.5h b.29 L0010 2 L3TY LCATRRL 31,08
30.37 3.98 L0057 1 33498 LoLTTML 12,78
35.67 3.65 L0061, 3351 -017853 9.73
43.69 3.29 L0035 1 33531 017956 315.38
49.61 3.09 .09 1 33539 .c18067
8. 2.87 Lok 1 33556 018166
£2.80 2.7 ez 1 33543 .018215
68,99 2.6k L0019 1 33552 018276
73.09 2.56 L0018 1. 332. 3 33553 018315
8,58 2.47 L0016 1.2 333.5 33555 018366
.51 2.4} L0A5 1.06¢ 33k +3355€ 018402
8g.8L 2.29 L0013 1.2671 336.1 . 33556 .o18470
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TABIE VI.- VALUES OF Z FUNCTION AND RELATED QUANTITIES TOR BALLISTIC ENTRY INTO
ATMOSPHERE OF FARTH; Vi = 1.02, Ty = -0.06, Zj = V;X1078, pr = 900 - Continued
(c) 75 = -4.0%, ey = 0.08056

"
a
5
LI
2.
>
2 -

o o
.C1530 00106 000
03081 .00213F .000

28

BE

W =
o

Tanlao
3
i3

W
=RI3
SRS

iy
jeg: 3ot

B
RR

3
3.
3
3
3
3
3
3
3.

BERL

LO1ELE

.CIL558
OIEET
L014TEE
LO1LEE3

.01k955

.2¢ LB
RNy JBTEY
70 8920
.B9 [Sels 54
o 920k
4.953 i1k <9333 .C15kkG
3.7 iy 9h53 2015525
5.20 13.23 9FE L01860C
5.3h 13.21 ETL LO15ETE
5.hg 336 3770 L015TE
5.65 \98E2 .o158R
5.82 L5948 LOLEBGY
£.01 0025 159
5.22 1.C102 .
£.uE 1.0171
1225 1.0235
1101 1.0294
ook 1.03F
E 0873 1.0399
i MEG  1.CWAS
Rt L6771 1.048T
IR L0561 1.052%
Lo GhgT  1.0560
1, 220 1.0591
PR 2350 1.0819
8.3 £0 L0ZBT  1.0BU
.86 7.01 L0231 1.066F
1066 g o2 1,0685
11.68 -7 0139 L0702
12.98 13 2103 10T
13.78
1672
15.85 w031
17.23 3.7%
19.09 3.¥
20,30 3.35
21.88 2.02
22.70 2.82
23.72 2.70
24,37 2.63 0019 1.0749
25,18 2,58 0017 1,070
. 2.5k L0015 1.075%
0323 o L5082 28.27 2.28 (G013 1.0752
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TABIE VI.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; V4 = 1.02, ug = -0.06, Zj = Vix107%, pr = 900 - Continued
(a) 7y = -5.0%, ey = 0.09600

= < - br - s t =
¥ 2 : he l o | % g e + o e
1.0200 1.07%8 1, DOGO01Y 5.000 .72 0.0000 0013 O 0
1.0205 1.0803 0000026 L0973 L& - G001 . 0020 0006 9.8
1.0816 1. ;] 4Gy L6TC .00 2033 0015 19.7
L1535 1.0E13 2000180 43,915 b6k L 0006 L0053 003t 29.8
10220 1,0818 0000484 4. BBh 461 o017 L0087 0057 .1
1.0285 10822 Q00136¢ 4.850 4,58 CORT L OLWT o 51.0
1.0230 1.0828 w004838 4.808 .53, o186 .0ets 0202 64,3
1.02315 1.08296 11547 L7739 L.510 0399 (027 0320 73.5
1.0830  1.0828 L 002263 4756 by o778 L0597 Qus2 80.7
1.0225 1.0823 004033 w737 [ .1386 T o611 86.9
1.0220 1.0818 005489 4, 72T L L6 . 1886 0328 £ 90.2
1.0010 L 008138 N el) b, bS5 279 1127 0876 9.5
10200 1.0798 010635 soTo7 bbb 1286 1005 9T. %
1.0150  1.07h8 . 02237 4,688 b 2 7 1853 146G 105.6
1.0100  1.0658 03363 L.£BL byl 1.153 2234 L1807 110.1
1.0050  1.06b8 . Qlisg L.6T9 LAl 1.512 2556 . 2087 113.3
1.000C  1.0598 . 05560 e R 1,875 807 231 115.8
L9350 1.0548 L 0EANY 4 682 4 3032 . 25ht 117.8
.9500  1.0U9B LOTTLS 4. €8s 4. 3230 L BT 115.5
L9800 1.0398 L9836 4693 h 356 3ok 122.%
L9TO0 1.08%8 _11533 L, 7O IR , 383 L 3E 1287
L300 1018 £ 15006 LTIT N A kOSL 370 126.7
9500 1. 116957 w731 A 5.1 w233 Lg% 128.4
G400 . 9998 18066 URE3 5.7T 4158 129.9
9300 5898 2010 B U7 6.35 sh2e 3.2
G200 L5798 2208 4, L& 6.51 be2t 13.5
9100 LG58 2405 b hee T.56 L82- 133.6
S000 .5598 2600 4,51 7.9 KO0E 13,7
8800 .9398 2984 4852 U.5H3 8.98 536 13%.6
8600 .G198 1360 4. 8k 5T 9.92 138.4
BLco 8598 L3727 4938 60 10.78 4853 . 551 130.0 B . .
8200 L8798 Plecig 498k 5,60 1L.57 . h3oB L6203 10,4 \17322 ROt pUNILY)
8000 .8598 428 5.033 b6k 12.30 bT3% Bhul 142.8 L17458 LOLETIR 16.£43
7800 . 8398 HTBL 5.086 12,97 LE3T [ 1541 17583
w818 5115 5,141 13.57 4520 687 145,54 17699
F400 .7908 5440 5.200 15,11 4386 JoT! 156.5 17808
T200 STIH . 5756 5.262 1k 58 423a 725 WY L17505
7000 7598 Ne) 5.327 15.00 4082 7421 148.8 .18
6800 7398 6360 3.397 15.35 L3915 L1587 168.9 .18
£600 .58 64T 5471 15,65 L3762 LT72n 150.9 18183
6400 L6597 6924 5.930 15.89 L3564 . 7865 152.9 18265
6200 -6757 7190 5.634 3 16.07 3382 -T5% 133.0 15344
6000 6537 Tads 5. 724 5,204 16.20 3199 W81 154. ¢ 1BL2o
€397 . 75688 5.820 5. 16.27 L300k 155.0 L18ug2 L 015¢6¢ 2. 768
6197 LT9R0 5.923 5 16,29 L2830 156.1 18562 L013758 .-
5597 B139 6.03 5.4 16.26 L2648 157.1 .18630  .015528 45,218
5797 Bis £.15 5. 16.18 248 158.1 18695 . 015898 L8, 147
5597 8538 £.28 5.67 16.05 2251 159.1 L1878 015967 51,229
5397 L8717 6.42 5.7 15.87 2118 160, 1 .18820 016035
L5197 .8880 6.57 5.81 15.6L L1950 161.2 18879 016103
L h996 . 9028 6.4 5.9 15.37 L1787 162.2 18938 L0161
7% L5159 6.92 6.0 15.05 .1629 163.3 L189%h . G16239
h59€ <9273 7.12 6.2 14.69 L1478 16484 . 19049 016307
00 L4396 T34 [3 L1336 N3 19103 LO16375
ifte o] L5196 71.59 6. L1196 .7 L16156 L OLBLEY
100 3995 7.87 & L1066 .0 1%e0t L 016514
200 L3795 B.18 6. L0942 2 19257 . 016585
o0o L3595 B.53 7. L0828 .5 19307 . 016657
300 L3394 8.oh T. 11 TH Lo 19355 L016731
1300 -3193 9,41 7.6 11.13 L0622 19402 . 016807
0o L2993 9.96 T. 10. 45 L0530 19u8 016886
200 2792 10.61 B, .83 . OLhRE 1GU54 (OGS
00 L2591 11,40 B, 2.15 LO3TL 19538 L 01TOSS
300 .23%0 12.37 9. 8,45 .0303 14581 LOLTILE
500 L2188 13.60 9, 7.73 .Qz263 19624 .017243
00 .1585 15.19 10, 6.9 L 0190 19665 LOLT3WT
1200 1782 17.34 11 €.25 . o1bs 14704 LOL7LE2
1300 L1576 20.41 12 5.49 L0106 19742 Noke -
0300 L 1ETE 22.50  13.% 5.10 008y 19760 .OLTE62
2800 L1367 25,16 kb1 4,72 ,00Th 15778 . O0LTT39
700 .1260 28,67 15k b.32 . 0060 19794 . 01782k
060C L1189 23.5%  16.78 3.92 L0048 19810 . 017920
0500 L1031 40.50 185 3.50 L0036 it L 018034
450 0967 .5250 46.26 3.28 L0031 08100
00 o897 . S0ek 53.78 3.02 . 0026 nésy
1380 0865 R 57.B1L 2.52 L0023 ezl
360 0829 . 4886 62,.B7 2.80 .acel 018270
350 0808 . k86Y £5.58 273 . 0020 018298
U867 65,71 2.65 L0018 08329
o758 4806 Th.hg 2,56 - 0017 a8 365
U720 . 5007 81.69 2,43 L0015 . 018428
L 06%2 L5153 Br.z2 2.3% L0013 .19851 L 018474
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TABLE VI.- VALUES OF Z_ FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.02, Ug = -0.06, Zi = V4x10™%, Br = 900 - Continued

72

(e) 7i = -6-()0, e

1
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TABLE VI.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.02, Uy = -0.06, Zi = VinO_e, Br = 900 - Continued

(£) 7: = -8.0°, e; = 0.14481

1
B - - - - - t =
; BRI L A
1000 2.0013 0 o o
1,0205 . 000k 6.1 . 0010¢
1.0210 o033 .00 12,3 00215+
10215 1.06C 0053 L0013 18.5 - 0032¢
1.0820 1.CE L0035 24 8 . 60ups
10225 1. 0E 0163 . D062 .3 L0051
1.0230  1.0B: o112 8.4 00663
102340 1.06 L6253 8.6 o083
1.0220 1,08 025 55.3 00957
1.0225 108 0525 57.% . 005g€
10220 1.08 0558 59.6 LC10es
10210 1.0B 071N €1.9 CLO65"
1.0200 1.07 .81 3.5
1.0150  1.07- L1163 68.3
1.0100  1.06 1s23 79.5
1.0050  1.06% 1630 72.8
1.00¢ 1,05 1827 T4.3
L9950 1.05 2185 75.5
C30C 1.0k AT L 2lhG 6.6
1.03 w00 pudh 78.3
STOC 102 e L2667 5.7
%600 1.0b 227 2886 80.8 09966 B
500 1.00 460 L3086 BLG 084 01306
. SHOO 2 5651 27 B2.8 1188 Ratols
» %300 - 5808 L3543 B3.§ R =) Y L01h2y
. %R00 . . 360 Bk, 3 bt O350
6100 -3755 8s5.0 10uLY 014454
. 5000 . 85.7 10511 L CLA5%
. 8806 g £214 H1AL 8.8 L0173
8600 a1 w2k ok 87.5 - 01LB&
L8500 8. 225 L b625 83.9 . 015020
8200 ar 160 . LBed 8.8 L 01515¢
.Booo .85 055 . 5018 0.k 01526
L7800 83 01537
. 7600 AL 01547
L T800 ST 01557
200 STE 01566
. 7000 ked 01574
L6800 T3 0158,
600 ko 015517
£200 RS Q15981
6200 BT 01605
£000 &5 016130
. 5800 L0161 A£3.11
. 5600 ; ot £7.075
. 5400 A 016337 71.18¢
5200 8. 0163 75.4"
. 5000 8.059 RS LDIALEL 79.932
800 8.163 . O1652L 84.55¢
HE0O 8.232 . 016587 8. 47
500 8.307 L 016€4E gb. 587
RE-lr 3 8.388 L016T1C $9.565
4000 8.l L 016TTI 105.63:
. 3800 8.576 01683 111,63
- 3600 8.685 016894 117.96
. 3500 B. Bof . L QLEE5E 124,71
. 3200 8,5k H.56 0p 1074 OLTDLE 131,51
- 3000 9.09 1&.01 7237 OS] 017081 135.63
.2806 331 9,26 .01 TBBT o 12215 LOLTis N7.552
2600 3100 Q.16 _F7 T2 12248 LO1TR1 15¢ 5
2600 2 .69 a0 LT3 12280 ., OLTRTC 156. 785
2200 o7k 9.95 581 L7350 12312 OITINE 177,
2000 258 10.26 ;6% -T373 12343 L0142 189847
. 1800 23 10.63 1.5 1352 Lo 12374 LO1TRST 200,64
1600 2185 11.07 L 7510 U 12605 017577 218,15
1400 158 11.63 % = ' 12435 Ny 235.70
1200 177 12.33 12 7ui0 12665 L OLTTSE 256,37
. 1000 157 13.26 (-] 751 12525 oLTBEC 281, %
0900 147 .01 1384 Foal 100 7457 12508 OLTYLT 2%.30
0800 136 83S3 .38 14,53 35 0083 7461 12522 oL797S 313.23
0700 12 L TTOS 50 15.37 29 o067 7466 12535 018047 32,9k
0600 115 7171 .85 16,43 “.12 3 THT0 12548 018123 356.5%
0500 103 635 33 17.81 415 2h0 AL 12560 018212 383
ols0 0975 BT -0 1871 oz UTATE 3eH 1256 018264 504,50
ou0o 0905 L5707 047 1985 THTB 12572 083 428,02
0380 2 L5563 81 20. 41 0026 LTHTB 12574 L 018354 439.18
.03%0 oBY: . 5426 LT BR 21.06 el LThT9 L125T6 .ox83f7 452.13
- 0340 081 - .530@ [ 21.86 @1 . T480 12578 . 018425 467.86
L0330 T 5251 0 22,35 0 7480 LT 12575 L O1BLL7 477.39
-0320 o77! L5214 0 z2.04 18 L7881 [REA 12580 . O184TY 488.77
L0310 OT4 L5202 B 23.70 AT LTh81 [ .12581 . 018506 503.41
L0300 .0TO L5263 2k 2k.50 cors L 7s82 I 12582 L0185% 596, 31
- 0256 S06TT <5388 35 25.93 0013 . Te83 R (12583 - 018597 546. 09
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TABLE VI.- VALUES OF Z_ FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENIRY INTO
ATMOSPHERE OF EARTH; V5 = 1.02, Uy = -0.06, 23 = V;X107°, pr = 900 - Concluded

(g) 75 = -10.0°, e; = 0.17815

_ _ -y -h 2 _ . ° -3
7 - z deg ey - 3 < sec T
1.9900  1.9771 10.000 9. o o @ £.000
10805 1079 9.986 . (] o005 . OC1065 .Ge0
1.R10 1.0801 5.972 9. 5.9 021y LGPl 000
1.0815 1.080T 9.958 9. o053 ng 1b.8 01821  .00RD4 oL
®r0 1.0812 4.983 9. o 19.8 fo=2% 23 . 00k2BE 001
LogeS  1.0817 3.928 G fatrd oG 25,0 23070 . 005394 004
cgyn 1.0822 9,910 9. 3.0 L O0ESEL 5138
02352 1.08268 9. Gk 56,3 o086 34 ofC
.30 1.0822 0.862 9. 009911 220
1.0225 1.0817 9.857 9.1t . 010298 312
1.0220 1.0812 9,853 9. L0563
1.¢e10 1.0802 9.849 9. 010937 55h
0200 1,079 5.866 9. OLI206 T06
1.0150 1.0T82 9.84G g, 011992 1.431
0100 1.2692 9.8% 9 .012k38 2,138
1.0050 1.0642 9.840 9. 012753 2,850
L0000 1.0592 3.802 9 .012998 3,561
9950 1.0542 0,846 9.0 013199
5900 1.0892 9.849 9 013363
l.039e 9,B52 3 m36hE
00 1.0292 2.868 o 013573
9600 1.0192 9.878 g, Rt oY
9500 1.0092 9.85¢ 3 Natt5]
LoA00 L9992 9.901 R . 014 36E
9300 .98%2 4216 9.91% . OLUug3
5200 9798 4528 2927 3 . L4605
5100 .96%2 2, 9 .
9000 9592 .32
880> .93 9
8600 o132 @,
Moo 8991 9.3
ge00 LBT9L 9
.8coo  .E591 9,5
7800 .8W1 . 3.
7600 g1 1,0492 10.198 9.
TFa00 2 1.1122 10.2k2 9.
7900 .T791 1.1728 10,288 9.
TouG L7591 1.2305 10.337 9.
6800 7391 1.286k 10. 2.556
6600 .71 1.3392 1085 9.578
6hod L6991 1.3%3 10,506 9.607
£200  .ETIL 1.4366 10.5€7 9.638 .
LE00D L6502 1.4809 10.6%  3.6T1 LGI63TE
5800 6351 1.5222 10,706 .77 . OLEBLS
5600 L6190 1.5605 10,784 9. 743 L016511
SH00 L5990 1.5954 10.868  9.786 Q65T
5200 EYi 1.627M1 10.958 2.829 016640
.5000 5590 1.6552 11.06 2.877 .016703
1.6797 11.u 9.928 01676
1,7005 11.28 9.983 L, 616825
1,7473 1161 10, 0Bk . 016886
1.7301 11.5% 10.110 LOL6945
1.7385 n.7o 10.182 AT
3, 7hah 11.87 10.261 LOITOES
1 10,350 L0XT1ZH
1.7 10. 448 017184
1. 10,557 L OI7Ek
1. 10,681 L 017305
1. 10,821
1.65 10,982
1. 1117
1. 11,38 LCET559
1. 1164 . 017628
1, 11.95 OLTERS
1, 2.3 LGITTT
1. 12.79 L CATBSL
1. 13.38 LOLT9hO
1. .17 . 018035
14.67 018086
15.26 016142
15.99 . 018203
16.90 . 018272
18.11 NoLTal
18.90 18397
19.88 018550
20.% 018475
20.52 . 018503 401,85
21.60 L1853 H16, 61
o0 o778 22.47 018573 35,89
030 0755 23.0% . 018598 46,87
0300 .07 23.81 018629 £2.7%
@295 i 24,35 , 018651 73.83
g0 L 06BC 25.22 . 018685 59147

Th



TABIE VII.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF FARTH; Vi = 1.02, ug = 0.06, Z; = V;X1078, Br = 900

(a) 74 = 2.0, e; = 0.05337

5 3 . s - 3 v -y
v v, z SR . : ] 3 = 3
€
1.0200  0.9500 . 0000DLC ©. 0000 .00 O o . .
1.0205 L9605 . 0001 L 001% [Lale Lk
1w %10 CO000E oo . o023 oozt 510 et
1.0215  .9615 0000187 0005 L0038 00SE 8.6 L
1.0220 - 9 QOg0511 00LE DE2 0113 108.8 L
1.0225 25 DOOLTOw . OCk& L0115 L0233 1%6.5 L
1.02270  .96272 . 000uLEE, 120 L0187 D810 1719.0 .
1.0225 L9625 . 0009187 « 0250 2T LR Lt
1.0020 L9620 . 001529 354 .03k OB 223.8 .
Lmle L9610 00RkES 05TH L0838 10 243.0 -
1,0200 9600 . 003338 1233 090h L5 1317 255.0 L
10150 .9550 007093 1.152 e o728 7.7 Lo
1, 0200 9500 OLOSHT 1.119 .83 087 2582 305.9 BN
1.0050 .9450 013875 1105 . 370 L0992 3030 N8y Ll
1.0000 9500 CATiHL 1,10t as5h . 1088 2418 1 LS
L9950 +9350 . 02038 1. 104
L9900 .9300 . 02361 1.111
- 5800 9200 . 03009 1.135
L9706 7100 03668 1.168
L5600 L9000 L 0k341 1.208 JBENSS L 811Gs
L9500 .E900 . 05033 1.252 Lh7275 o121
.9u00 8800 054 1.300 JLTo88 L maeT 1
9300 8700 LOENTE 1.351 JS86LTLo1h)
L9200 . B600 7236 1,404 L4178 Qany
. 5100 .8500 . 0BoLT 1,559 hGEBT Ruk:g
. 5000 .Baoo . 08825 1.516 50140 Rvil-g)
.3800 8200 . 10517 1.63 2.8 L 50041
.BEoo .Boco . 12315 1.750 2.75 . 51622
LBW00 7800 13202 1,881 3.09 52208
8200 . 7600 . 16238 2.010 343 . 52721
.Booo LTHOL L1833 2,142 377 53176
. 7800 L7201 . 2060 2.276 2, b L1 53578
7600 L7001 22 2.4k 2621 b, ks 53941
7400 .6B0L 2539 2,55k 2.780 u7E c526Q
TE00 L EEOL 2754 2,698 n.9h: 5.07 SL56R
LT JELOL 3060 2,845 3.3l 5.37 54841
6800 - 6201 S33% 2.995 3.29 5.66 23093
- 6001 . 3623 3.15 3.4 5.93 55325
.6k00 ., 5BOL L3920 33 365 £.18 25541
6200 L5601 w22t 347 2.8y €. 42 55742
L5000 L5401 L U545 ER:) i, 05 £.63 S5931
5800 . 5002 ug72 3.82 (% 6.82 56107
2 5600 5002 5210 4,00 b, 18 £.98 56273
su00 L4802 58 419 T 7.12 S6430
5200 L beoe Sqif 5,38 4 9E T.23 56579
5000 kb0 €281 4,59 5.22 7.3 56720
L4800 L k202 .81 5.%9 7.36 . 5685
LBE00 L koD3 5,04 579 7.37 . 56983
4500 . 3803 5.28 £,11 7.35 57106
4200, 3603 5.54 6.46 7.30 - 57224 .
. 5000 . 3404 5.81 6.83 .24 57338 LOLEY: S
L3800 L3200 6.11 7.25 7.09 STHMB L0165 &9.02y
. 3600 . 3005 £.hk2 T.TE £.92 97355 . O6L .
L3500 2805 5,77 8,22 6.72 57658 0L~ >
. 3200 2606 Ty &.79 €. 48 L STT59 . O16¢<~ 95. 40
- 3000 . 2h07 7.57 9.45 .20 . 57858 L OLETH 107.0¥%
. 2800 2208 8.03 10.21 5. 1 57955 016G 120, -5t
2600 2009 8.55 1L10 5 1. 58051 .OITC 136. b7
L2400 1810 9.15 12,17 5 1 S8LAT  OLTx 156, 443
L2200 1612 9.83 13.48 a, L0103 1.2787 s1s, 58243 L0175 180, £29
L2000 165 10,63 15.12 4 L0675 1,279 519.1 S8339 L OITEs! PlL0Y
L1800 1218 11,59 17,26 3 0052 1,2809 5234 5B438 L OITT
. 1600 L1083 12,75 20.18 2 .003k  1.2617 528,5 58540 LO1TG
1400 .0832 14, 20 2h,39 2, .0021  1,2823 5346 . SBELG Lo
L1200 L0545 16,05 30,93 2 L0011, 12827 542,54 58765 01853
. 1000 L0470 18.33 41,99 1 L0005 1,287 553.3 . 58908 018970
. . 0390 19.51 50,4k 1,499 0003 1.2832 560.8 . 58991 o1ges3
L0800 .06 20,33 61,62 1,359 oooZ  1.28%3 571.0 - 59083 011
.Q750 . eBo 20,31 £8.133 1. 307 oooe  1.2831 577.8 .59150 0198 3
LO700  ,oeh2 19.61 T75.81 1.259 ooor  1.283% 567.0 (59226 .02OLY
€80 0226 5.5053 19.00  79.03 LO00L 1,283 592.0 . 59266 Qe
0660, O i.2222 18.08 82,37 Loo0L 1,283% 598.5 SS93LT 02074
0650 .01B3 L4179 16,60 85.83 L0001 1283k .2 -59390 L2065 ¢
L0620 L 0T 10, 5286 i3.7h 8912 L0000 1,283 €29.4 (59587 .o@10TH
L0610 L0110 17,3317 10. 38 89.99 .o0oe 1.2835 665.9 . 59815 LORLE U

™



TABIE VII.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.02, uy = 0.06, Zj = V4X107°, Br = 900 - Continued
(v) 7i = -3.0°, ey = 0.06608

& L5 S o
er ¥
o
6.5
33.2
5C.5
£8.5
L9950 .9351 L ThbgS PBES 2,5 1,361
L9900 -l L0518 2.u1 BLE 1,347
2,852 2.6l 1.693
D.LE6 2.6 2.03
2,483 2.6 2.3%
2,503 2,67 2,68
300
3.30
3.59
3.88
b.16
Bby
519
5.66
£,10
£.57
£.88
T.23
7.54
7,83
8.08
8.30
3, B.50
3.E63 8.66
3.783 £.79
3,903 8.88
4,03 8,95
5,17 8.99
ko3t 8.9
4,88 8.2
b.62 8,90
5.80 G a0 8.81
k.90 Sl 8.68
5,19 £.9 B.53
5,42 B2 83
5.65 BB B.12
5.91 7.0. 7.87
6.19 T 7.58
£.50 [15e 1
6.85 5,92
T2k 6,55
7.69
8.1%
B8.77
LA
10,25
11,22
12,81
13.9%
15.83
18.23
19,08 .
20,34 1,355
20,33 1.306
19.63 1.258
13.02 1,23
18.0% 1.208
16,61 1,189
1.7 1.105
15,38 2.9
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TABLE VII.- VALUES OF Z FUNCTION AND REIATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.02, ug = 0.06, Zy = V4X10-8, fr = 900 - Continued

(e) 74 = -4.0%, e; = 0.08056

3 = z - -
v h [N deg
1.0200 OG0 2,0000010 5,000 b,248
1.0205 L% . 0000026 3.966 ko213
L0 LKL L D000OER 3.930 L1753
1,8215 B - O00CLEG 2.363 b3
1,0220 B - 0000k3Y 2,854 b, ogh
1.0225 B3 . DO01369 1.811 k. ohg
16230 Lol - D004BES 3.757 3.991
L0231k L% . 0011367 3720 3,952
1.0230 L3 . 002202 3.€é91 3.921
s o . 003981 L6566 3.Bol
L0220 % . 005365 3.652 3,880
L@ L% . 0075 3.635  3.862
1.0200 L% 010385 3.62% 3.851
1.015¢ N4 . 2180 3.597 3.823
1.0100 R . 03275 3.586 3,812
1. 0050 L9 o348 3.580 3,807
10000 L@ o5k0g 3,578 3,806
.995¢ g LOENED 3577 3.807
- 9900 L9 0750k L5619 3.80%
- 9800 B -09573 3.588 3.88
- 9700 -9 11621 1,562 3.829
L9600 .90 13652 1653 3@
9500 LB 15668 1515 3,858
. QU00 LB L7669 1.628 1.875
930 LB 19658 1652 3,893
. LB L2163 1657 3912
L9100 B .23%0 1673 39w
2555 3.690 3.953
. 29k2 3726 3.998
-33% 3.765 1047
. 3703 3.806 5099
SHETT 3.851 155
1) 3.898 4,21h
L4812 3.948 4277
L517h 5.00L 4, 34
593 5,058 &.kis
5585 5,117 w01
€234 4181 4. 572
LE580 5,248 65
6922 %319 bT51
L7259 1395 h.Blg
7593 . h76 w958
.7923 3, 562 5.07
8249 +. 654 5.19
8571 L1153 5.32
90 +.85 5.47
9206 +. 973 5.62
919 3.10 5.79
829 .23 3.97
1.0137 5.37 6.18
1, 0ukY4 5.53 6.50
1. G750 5.70 6.65
1.1056 5.89 6.93
1.1363 5,10 7.24%
12675 H, 3% 7.60
1.1992 5,60 8,01
1.2318 5.89 8.18
1.2659 r.a3 9.02
1. 3020 761 9.67
1.3411 2,05 10,55
1. 3846 .57 11, b1
1.4347 9,19 12,60
1.49L8 198 1k, 14
1.5707 16.19
1,6729 19,0
1.8220 23,2k .
2.0643 29.88 2011 .80k 260.9 . 01853
2,521 4129 oc0s L BO6T 2719 L 018954
2.9309 50. 02 o0 .BogE 9.6 L0192k «
3.609% £1.48 2002 JBoE9 83.9 L 01560
i, 1486 68. 30 2002 L8070 2968 L 018831
k. 9855 75.83 ool L8070 06,1 82011
19,02 79.05 1.235 Looel L8070 11,1 ez0et
€,.2112 18,09 B2.39 1,207 2001 #o070 17,6 020Uz
7.5089 16,61 B5.BL 168 001 .BOTL 7.3 02065,
10, 5234 175 89,13 1.105 L2000 L8071 8. 02107,
17,3304 12,38 89.99 1029 L0000 L8072 385.1 ety

r



TABLE VII.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF FARTH; Vi = 1.02, Ug = 0.06, Zj = ViX107%, Br = 900 - Continued
(@) 74 = -5.0%, e; = 0.09600

1
- - = -7 -t *r - = v o8 oy ——Z
v ¥ = deg top ra T ¥ sec = T YRy
3 3
001065
002133
~003209
. 004300
. 005834
63.¢ 06727
TG, .
85,4 . 5
80,k 00957
93,8 - S
97,- .mo3e
L 010590
L D1XhCS5
. 011860
L OL21T3
. 012426
15, . D12628
iz 612800
125.2 .oL3ceL
127,% 013308
129.% L013897
3.7 013661
137 L013806
13,1 £13935
T4 LOL4053
%€ 18161
1.7 . OL4260
L QLsshO
. 018599
OHT47
+OR4HT
L OV
4,900 12,26 LIRE 015107
I, 9T 12,75 L3197 .o1521h
L.goBT 13,17 . 2066 STy
5.@9 13,93 2927 015410
5,075 13.8 Mg L0155
5.123 15,08 263 Q15
5,175 14.20 v . 015676
5.236 13,30 .2325 CX5759
5,280 14,34 217 .o15840
5.352 18,33 2007 S015912
$.420 16,25 1866 015997
5,403 k.12 L1717 LCIEDTH
5.572 13,96 1572 616150
5.658 13,70 k- »016226
5.5 13.41 L1297 L 016301
5.852 13,08 L1167 L 018376
5.963 12,70 L1043 L61£Rs2
6.08 L0926 .puesel
6.22 .d815 $605
6.37 o712 014683
6.53 L3615 72,3 L016763
6.72 052 173.9 . 016846
€.93 L OHAS 175.% 016931
7.37 L0371 177.3 LOLTEIY
7.4 0308 i LOL7311
T.76 o6 1813 .017209
1Y Kot 183.¢ L0173
B.59 L6149 186, L1787
9.13 .Gl 189, ¢ 017550
9.79 0080 g, 017
BOO L1215 1.6679 16.63 L0055
600 L1020 17519 31,70 L0035
500 L0827 1.8806 13.32 L0021
1200 L0640 2,1003 35,05 L0011
. 1000 L OHES 22,5348 i7.62 0005
0goo .0386 2,935% 19.08 L0003 w0
L B00 L0314 3.6100 20,11 o002 k3.0
L0750 T H.24gk 2039 0002 256G,
L7700 eu2 4, 9876 19.58 . 0001 259,k
@25 183 L0001 L TINE o6k,
.oea7 18.07 .oou IV AT1.
0183 16.60 L0001 L1500
LoLeT 13,74 L0000 LTI 305
Nsisle) 10,38 0000 LTSy 338,
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TABLE VII.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.02, Uy = 0.06, Z; = V4X107%, Br = 900 - Continued

(e) 7y = -6.0°, e; = 0.11198

B )
- ¥ 2 -7 - -z T 3 s
v ¥ = deg deg g a @ sec B

1.0200  0.9603 000001¢ 0.0000 L0009 © - . Suin

1 <909 0001 . 0oLl . 0003 8.2 01015 Nt

1.0210 L9613 COCO0GE. 0oaR 0023 «000% pLA L OBO3T LEE

1.0815% L9618 GOO0LTY . DOOS . 0037 Lok 25,7 03069 K1

1.0820 L9623 0013 0061 L0033 33.¢ L0118 U0l

1.0025 L9628 Q001311 0036 01a1 L0058 81.9 05205 W

L O00R008 [ot] LOLTT og7 51.6 L0k 006 RO
. OC1TEGE 0483 o312 @ £4,6 (08030 008 .
Ry L1303 0612 o387 3.4 .09123
. 007208 1961 o749 ouTT 7.0 09571
. 009365 255 0853 oshs 73.3 09850
013376 363 L1027 L 0BSR 8.5 10255
ket .05 466 1150 o 8.7 10533
03525 OF .951 L1625 1060 91,2 11333
05265 .OT 1.b12 1959 1308 o 1178%
69Th LoT 1,860 2225 1507 g 12101
3 071 2.30 2lh7 C168BC 99. 12348
10337 .07, 2.73 2637 L18% 101,2 12550
.11999 LOT1 3.15 2803 .19TY 18,5 12721
15290 oA 3.96 L3079 LR 106.9 1300
.18543 . 0B 8.75 L3008 2hsy 106.8 13228
2176 N 5.51 LTS L2651 108, 13617
2ugs . 6.25 .67 28%. 105.8 13581
810 6.95 +373 1111 13725 BT
L3123 7.63 382 na.2 .13853 10,174
333 8.28 . 389 13.2 .13970 11,332
3739 8.91 11h.2 15076 12, 5
hoa3 5.52 115.3 16175 13. k76
RS L1G0 10,65 18,7 .1h352 15,523
5228 N 11,68 118.2 . 15508 18,232
. 5804 257 12.62 13,5 L 14648 20.
86T 291 13,47 120,8 LI8TTS
L6918 L3 14,28 1z22.0 .1bBg2
.TR5T <R 1%, BB 123.1 ~15000
L7984 RS 15. 46 12k,2 .15102
8498 LA 15.95 25.2 15197
9000 .58 16.35 126 .15287
gLk L BEL 16.67 127.3 15373
. 9963 W67 16,92 128.2 15455
£600  .600h 1.0625 677 17.08 129.2 L1553k
6500 5804 1.0873 JTE 17.17 130.2 .15610
L6200 5604 1.1307 811 17,18 1311 15683
L6000 L Su0h 11727 . BB 17,12 132.1 L1575
5800 5204 12132 9T 16.99 133.0 -15823
5600 .5004 1.2522 L€ 16.80 13,0 L1589
Shoo L uBok 1.2857 1€ 16,54 135.0 L15957
5200 460 1. 3257 .27 16.21 136.0 L1602
5000 L ukoh 1.3602 W3 15,83 137.0 . 16085
bBoO L2085 1.3931 .51 15.3% 138.1 L16148
K600 .HOCS 1.Lokk 83 14,96 13,2 .16210
kw00 3805 1.4542 .82 16,35 180, 3 16272
4200 3605 L. bBak .99 13.7€ 1815 16333
5000 <3805 1.5090 ¥-19 13.12 2.7 L1€39%
3800 3206 15342 43 14,0 16L55
3600 - 3006 L5580 €9 5.4 1£516
Wwoo L2806 15808 95 166.8 16578
R0 2607 1.6cel .35 1484 . 16641
Jooo  .2hOT 1.6229 7T 150.1 16704
.28oo L2208 £435 , 28 8,58 151.9 J16TE9
7500 .2008 L.665E .9C TS 154.0 16836
suo0 1809 6873 E7 €.90 156.3 16505
2200 .1611 n¥ .66 €.06 1588 16976
2000 L1813 ThE3 < 5.23 161.8 17052
1800 L1215 [ 165. 4 .17133
1600 L1019 857G 1,562 168.7 L7221
1400 L0826 2.87 175.2 L1739
1200 L0638 v.15%e 2,20 182.6 AT
106G - ORE3 5657 1.6%6 193.3 L17570
. 0900 L038s L9529 18,72 L8 86 1,459 200.9 L17655
L0800 Loqz 1.6203 19.91 60,81 1.322 211,3 S
L0750 .78 4, 1582 20,06 £7.9C 1.283 218,3 .17818
o700 .ol 4.9965 12.51 75.65 1,247 227.6 A7
. 0680 L0225 4, S0BE 18,94 78.93 1.229 23,7 .17936
. 0660 L0206 v, 2240 18,04 B2,.33 1,204 23,2 .17986
. 0Bk L0183 0216 16.58 B5.81 1,167 2489 .18060
L0620 L0147 15,5320 13.7¢ B9z 1.105 270.1 1817
L0610 LU0 1v.3319 10,38 B59.9% 1.030 3066 18485
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TABIE VII.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHFERE OF EARTH; Vi = 1.02, ug = 0.06, Zi = Vi{X10™€, Br
0.14481

900 - Continued

= T ]
v wee = Verg
8,000 c 2 0,000
7.983 6.3 . 001065 L 000
7.965 12,2 002132 .000
T.947 18.¢ L003205 001
7.929 24 € . cokiaBs .00
7.509 3.z - 005394 .~ 00%
7.887 Nl 8.3 LO0ESTS L0131
7,849 LOE5T 50.2 L O0BE3Y .oT0
7.8k .205 5T.E - CO99LE .221
7.817 L2590 59.9 010302 313
7,812 . 368 €14 . BL0567 397
17.805 514 63.¢ . 0LOgLO 556
7.800 653 85,2 L 011209 T
7. 786 309 69.5 011994 1,434
7.778 936 T2.5 .o1zhbo 2,142
T.T7% ', 55 T4 Net-553 2.8k
1.7T1 .1k 7.5 ~ 013000 3.548
T.TE3 3.72 Tl 13202 4,252
7. 767 h.29 78.2 .013372 4. 957
7.766 5.40 9.9 013652 5376
7. 765 &7 81,3 LOL387T 7.B08
7. 766 7.51 82.5 L OLEOSE 3,254
7. 767 8,50 83.5 . 014229 10,75
7. 768 G.46 b4 Lo14372
1.770 10.38 85.3 014501
T.773 i1.26 86.0 014617
7.776 12,31 8.7 oL472%
TS 12.92 8T.% 014822
785 b, bk 88.¢ 015000
793 15,83 89,7 015156
. Boe 17.08 0.7 OL529T
. Bll 18.21 G1,& 015426
. 8ez 19.20 g2.5 015544
20,07 93.3 L OR565%
20,82 gi 1 015757
21,45 94,9 . 015855
21.96 5.7 LO1594T
22.3 S96.k . 016035
97.1 . 016120 58,791
97.¢ . 016202 £3.266
98,6 016280 £7.918
99.3 , 016357 T2, 6L
00.C 4 7T7.811
100,7 016508 23,087
i6L.5 016576 610
2.2 016646 54,505
103.C L016716 100, k57
103.8 . 016785 106,920
104,6 , 016853 113. 711
105.4 L 016921 128,914
106.3 . GIEH0 128,581
107.2 017058 136,772
108.1 L017127 145,568
105.1 155.058
110.2 155, 357
1L3 116,611
112.6 163. 007
113.9
115.%
171
18,9
121.1
123.6
126.6
1303
135.1
1418
5L9
159.3
169.5
176.6
186.0
9L.¢
197.6
207, 3
228, %




TABLE VII.- VALUES OF Z FUNCTION AND REIATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF FARTH; Vi = 1.02, ug = 0.06, Zi = V4x10™°, Pr = 900 - Concluded
(g) 7; = -10.0°%, e;= 0.17815

d v 2 © ] = -

' Y “ sec - = D
o ] -3, 000
b9 001064 esis
3.9 002131 OO0
k.8 0002 001

19.8 Lookz82 Lo
2k.9 005 Reod
3e.3 ~00B540 .on1
.9 - 007953 0B
81,2 08890 .088
k€ 00968 L1865
ST L0277 - 306
50,5 .010872 523
52.2 031229 720
9.835  10.bai 53.4 LOLING0 .91
9,83 10,k 57.0 1226l Bk
9,818 10, 59.1 L0L2T03 L5
9.812 10,45 60,6 013017 1,601
5,808 0.4 £1.8 L013261 5. 485
L1781 9,805  10.L £2.8 LO1FHEL
L2065 2,803 10.4 £3.€ 013631
2628 3.799  10.44 .9 013910
L3184 3796 10.b 66.0 LC14135
-3733 2,794 10,55 67,0 . 024323
L5276 9.792 10,4 &7.8 LO1BBE
L4B1Y 2.T9 68.5 O1HE2T
5709 5345 2.79C €9.2 014757
L8609 5871 3.789 £9.8 Rotisg]
8500 E391 9.78 . 0.3 . 014980
Bhog L6905 5. 788 L5205 27k 0.9 015078
8200 .T91s 9,788 527 .29 71.8 . 015255
8009 802 5.788 L5228 .7 015411
7809 9866 9.788 JOL6e 73.5 015551
il .. 0BCS 9.783 5058 Th.2 . 015672
LT803 L1720 9,790 “by2k 8.2 015797
JLT6N 75.6 015506
1586 6.2 016009
1391 TR 016105
L b1Bs TS 018197
+3569 78.C . C16284
37LE (23] 8.6 .09392 .O16368
L3523 LBAET 79.2 LOgs3e L C1ERLG
33 a2t 79,8 L0oudk . 016527
2 K IR 80,3 09528 016602
10,919 28,37 L2846 % g0.9 L9570 . 016676
10,957 28,06 L2625 bbbt 8.5 L09612  .OLETHT
11.0i 27.65 .2kog Jhae 8.1 .CRES2 016818
11,07 27.12 L2200 Ju5e a2, 7 L0692 L 06887
1.1y 26,48 L1997 Rl 83,3 L99T3L L 016955
11.21 2575 1802 JuEh B2.9 9770 o102
1124 LIELE JUAE BL.& -09808 017085
1.3 L2h39 T 85.1 L0986 017155
11,47 L1271 LE 56 09884 .or7222
11,58 LAk L8 86,7 L 09922 017288
171 L0968 L8 87.5 L099€0 017355
11.8: 0833 b 88.3 .09992 017822
1200 LOT0B Lk 8.2 L1003 .O17e91
12,21 0595 L8 90,1 -30077 017561
12,44 o4 .1 91,1 L3017 017633
2.7 Pt 19z 9.2 -10158 017707

1300 L2212 ', k5on 10,270 13.Ck 0320 O 934 . 10201 .017784

.00 L2013 R 10,375 1145 L0250 9,8 L10048 L 017864

. 2hoo 1813 > hLok 10,511 13.97 G156 96.4 10252 017950 e 3

LR L1614 133k 10,691  1b.65 L0140 98.2 L1032 L018043 +:1.83

LO00 L2416 1 L2 10.938  15.5% 7.29 0099 8% 100.13 L0395 L O1B1s5 # 163

L1217 2,L183 11.28 597 JOOEE L5 102.8 L1053 018259 Nig.05
.1020 28233 11,79 4,73 Neenl 500 106, 0 L10519 L 018392 FRE 3
L0825 14550 12.56 3.58 Loeeh 50 110.3 .1050% 018555 W, O
063k 7.5526 13.8 2.5 LomP 50l 116.2 L106B6 LOI8TTO 38,16
045 »,8325 15.91 1.750 .o005 501 125.6 10806 009088 £, 76

. 900 L4373 3.1588 17.39 LT N ) 1,863 L0003 . 5019 132.6 10885 .019302 10k, 55

L300 L0303 31,7522 18.88 8. 77 1.29C .ooe2 LS50 wa, T . 10084 . OL964B Phor. 06

L7590 870 4.2689 1%.30 £8, 4 1.248 .ooce L5 19,6 .11046 L019863 Gr. 56

LOT00 LR37 5. 046 13.05 TH.E 1.222 L0001 LS50l 159.C L112% LR01% LAWY

L0221 5.5992 18,60 78.k 1.210 .com 560t 164.0 LKL 0e0eT3

ol £, 3148 17.81 B9 1.192 -oR0 L5 170.6 .1121% 0200
o8 7, 5050 16.45 BS.E4 1,161 01 1= 180,2 .11288 L OROEEE
LOLAT 3,554 1370 8oL 1,108 LO000 LB 201.2 J1lbEE L 021c8h
.0110 1T 3n 10.38  By.w2 1.030 0000 3 237.4 .11me 021647
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TABIE VIII.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; V4 = 1.04, Ty = ~0.06, Z; = V{X1078, Br = 900

(a) 75 = -3.09, ey = 0.09685

v - . -y -» *r - = 3 28 L
¥ v = deg l in e 4 q sec T J;g'.-
1.0983 . DOCOOL 3.000 20013 © [
1.100% DO0002H 2,904 .ocez L0011 17.3
1.1 . DOO0OT 2.803 - 003 - 0030 35.4
1.1014 . 000022: 2,696 LO0R2 006 54.%
1. 1019 000066t 2,576 .07 012 5.3
1.102% . 000263 2.417 0213 8. 12.8
1.316855 - 0005307 2.331 032 .ou20 117.6
11085 . 000930 2.259 oheo 129.8
11020 ©OLTT3 2,175 L0552 i b
1.1010 . 003033 2.104 L0720 156.9
1.1000 00154 2.062 .01 8645
1.0950 00917y 1,959 123 1844
1.0900 013824 1.0 1500 195.3
1. 0850 . 018303 1,88 1107 202.9
1.0800 02267 1,864 1B7T8 208.9
10150 0BT 1.852 L2023 213.8
1.0T00 -03121 1.8L5 2153 218.0
1.065¢ - 03550 1.842 L2267 221.%
1.0600 . 039% 1.8B4 .2369 224.9
1.0550 LOu36G 1.843 1 1. 46k LBUAD 227.%
1.0590 04780 1.866 1, 1.597 .25k 230.6
10400 205597 1.857 1 1.853 2888 235.4
1.0300 N 23 ) 1.873 1 2,10 2809 239.5
10200 arazo 1.893 1 2.63 L2510 2ly 3
1.0100 . 0Beeo 1.916 1 2.59 LEGES 2LE. 6
1.0000 0B8R 1.641 1. 2.82 3065 L7201 263.6
9900 09649 1.96¢ 1. 3.05 ues 7520 252.5
5800 10662 18 1. 328 BT 255,1
9700 11277 2.030 1 3.50 e LB 257.5
5600 12096 2,083 1. 3.72 3213 (83T @59.8
8800 500 13745 2,135 L L1k .8 BT 2640
8600 - 9200 13611 a2 2,064 .55 3256 5335 2&7.7
8k00 . 9000 17098 2,205 2,182 4.95 3208 5737 2m.2
+BBoo 18805 2 = 5.33 L33 L0 7%, &
8000 8500 2053 2.3 5.6% .3222  1.049: 2774
7800 8395 2229 2.573 2.3 6.05 L3168 1
TE00 -B199 2hE 2.676 2,580 6.3 Jjie 1
7400 LTI 2 2785  2.57% 6.71 L3006 1
T200 LTI 2768 2.857 2.8 7.0L .aghl 1
TOCO L7599 2958 3.016 2. 7.31 2850 1
6800 L1399 138 7.58 .27%2 1
6600 L7159 33 7.83 L2ERE 1
BLOD 6999 3515 B o7 L2541 1,
£200 L6199 3706 3.552 8.29 2430 1
ECCO -6599 3,70k 8,49 2316 1
.58 €399 3.864 B8.66 2200 1.3063 3025
. 5600 (199 5,03 8.82 L2083 1.3211 304.2
SO0 L5958 4,21 B.95 L1966 1 33uc 306.1
5200 L5798 5 4o 3,06 L1848 1.3477 307.9
3000 -5598 4.6 %15 SITIL L3556 309.7
4800 L5398 482 Y o8 9.21 21615 1.3T0E 3115
AE00 L5198 5.05 AT 9,25 L1500 1.3800 N33
4400 L hoog 5.30 4.6 $.26 387 L3g 315.1
4200 A 3.57 4.87 G.24 277 139 2163
LL000 h59T 5.86 5. 0% 5.15 L1170 14070 8.7
800 W37 €.17 5.33 .12 S1066 0 1. b1kk 320.5
o0 L b1gy €.52 5.59 g 0086 1. 4E1E 322.3
w00 . £.50 5.8 §.89 0869 1.B2TH 34,2
. 3200 -37% 7.3 £.16 872 OFTT  1.433 396,1
L3000 .3595 7.7 €. 5% 8,512 0689 1,438 328.0
. 2800 L3395 8.3 £.85 8.31 LDEOE 1.uBX L0
L2600 . 3155 8.92 T.25 8.05 L0528 1, WATE [
. 2400 -2593 9.61 1.6% 7.7 L0456 14510 1
. 2200 P92 10.42 8.1% 4 L0388 1. 4sbL 3
. 2000 L2551 11.38 8.76 7 L0336 1.45TE '3
L1800 2] 12.55 9.42 6.70 L0270 14601 3.1
1600 . 2187 13.99 10.1% 6,28 L021g 1. ae2h 3%3.7
L1400 . 1985 15.854 11.10 5.82 LOLT3 1. A46kb 346,5
L1200 L38O 18.29 12,22 5.3 L0134 1 4662 349.6
. 1080 1573 21.75 13.62 L8 L0098 11,4677 3531
9 L1458 24,08 1h, W8 4,53 L0084 1 355.0
oo 1%2 27.93 15.58 4.25 L0070 L 357.1
ore0 1253 30.92  16.68 3.95 L9057 L 359.5
o600 L1180 ¥.31 18,16 3.62 LO0kS 1 362.1
0500 1019 iy, LT 20,11 3,27 L0003k L 365.3
w50 L0952 50,51 2L.Lo 3.01 L0029 14706 36T.3
0400 L0875 59.21 23,12 2.85 LO08E 1.BT0G *9,
L0380 .083% 6409 2h.05 2.7 L00E1 1LWTEC 370.9
L0360 LOTH 70,58 25.26 2.62 L0013 LATIL 2.5
0350 0TS ™8  26.08 2,54 L0017 LATLL IT3.5
o3ho 0TIk 31,20  271.2% 2, bk L0015 1471 3749
o3 L0897 87,51  2B.60 2.33 LO01E 14713 1.
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TABLE VIII.- VALUES OF: 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vy = 1.0k, T, = -0.06, Z; = V;%107%, fr = 900 - Continued

(b) 74 = -4.0%, e; = 0.10720

1
s 7 N S - t ] z —
v s, z deg ey -—= q 4 sec T T voTy
i, DOOOGL L000 3.7 ] u o

. ooocet 3.923 37 . 000 2.9 Neubk 3
. 000007 3.855 3.6k .00 26,1 . 002277
. 0000221 3718 35T oo 0.8 003832
. 000065 3.696 3¢ . 008 a2 . 00U626
. DOOR16 3.600 .40 017 S84 . 005370
- DOTTPHE 3.hg2 2 L0%i 8.1 L OTHLT
. COLO62: 3.46 058, 1.2 Nersth:hd
003112 3.377 o7t 109.0 . 008935
005050 3.33% 5 116.2 L0043
06829 3.1 113 120.8 .coo810
01503% 3.248 o L1720 132.9 . 010602
@282 3.220 N 214 139.5 L0161
03042 3.203 3.E .2200 -1 Tele, 1 . 18295 L 011486
53789 3193 3.0 2527 3T W77 18781 011735
4527 3.187 3,001 L2623 . 306 150.6 L19106 L 011939
05258 3.183 3.0 2 .33u 153.1 L2981 .012110
05983 318 3.0 2946 L35 155.3 19683 .0122%9
06702 38 3o L3083 .36 157.2 19920 .DI2E9Y

L0787 3.183 i 2,43 L3205 L 396 159.2 vk . B12509 .23

oBi27 3,186 o 2.7 .3316 LB15 160.6 .20385 L2616 .63

09535 ERS0 Ll 3.18 L3508 . 500 L2066 . 7805 919

10929 3.208 0l WBET B2 L20955 .O12FEE i

12310 3.217 oz 319 .512 21212 .o1miz By

13679 3232 o 3908 sS40 20850 013292 1320

.150; 4.80 L3098 L5661 i71.8 21647 023358 +. 99
16383 5.18 JBemr o Lsgo T3 21835 013465
17720 5.55 SRz 61y 175.0 2P0 013564
19046 5091 JBITH .635 176,56 22169 013656
2036 .25 Jh2o7 656 i77.8 .22319 BoErX)
2297 6.91 J2e2 L6951 180,2 .22590 013902
L2554 7.5% LW2k2 T30 1825 (2B LOIBONS
.2807 8.12 L4213 L83 8.6 .23040 014176
L3057 8.66 4159 793 186.6 238 014298
3203 9.16 o83 8211 188.4 23530 014511
L3545 9.62 3994 LBAT 190.2 015518
3784 10,04 3889 871 i 013619
a019 10.43 3 893 193.5 018716
250 10.77 k2 91k 195.0 014808
L478 1i.68 L3509 93 196.5 014838
L4701 .3 L3367 JO53° 138.0 214084
L4919 11,59 . 3220 K il 159G, 4 LO15068
‘ . L5134 11.79 EECI: 200,8 01520y
faco L6798 L5303 1:.95 L2017 1001 208.2 015229
AO00 L6598 .55u8 12.38 .2tz 1,016 203.6 £15307
.5THE &.57T0 12.17 L2608 1,029 2089 L015384
.59tz 5,697 10,28 L2453 1.0M1¢ 206.3 L C15460
L6130 k.833 12.25 L2299 1.05% 207.6 , 015535
6312 k.970 12.26 LPILT 1,084 209.2 5609
68T 5.1% 12,20 L1958 1.0747 2:6.3 015683

6655 5.3 12.12 L1852 1,084 211.7 L0A5T5T 596

L6516 .49 12.01 L1709 1.09% 213.0 015831 i k52

JEDES .62 11.87 L1571 1,10k 21k, 4 015905 v.s12

.Tii2 5.91 11.69 L1837 L 215.8 015973 T

721 6.15 21,43 (1308 1136 217.2 . 01605h L3
800 3397 %9 6.1 L1184 1123 218.7 016130
%00 5196 7480 £.7C 1065 1129 220,2 . 016207
flele) 3 L7578 7.01 095, $L03e 221, . 016285
200 . .T662 7.9 1.24¢ 223, LOIA 36
o L3595 730 7.8¢ O7WE  1.1h4 224,9 . 01646
L4800 L3395 - T78C B,27 6.8 L0652 226.6 . 016530
K L3198 7809 8.81 7. L0565 228,54 . 016616
500 7815 9.43 7.5 L OkRY 230.2 . 016706
Qo0 2792 779k 10.17 709 .ob10 3.2 .G16799
000 L2591 LTTH0 11.05 8,51 ozhz 23,3 L 016898
Boo  .23ge 12,13 .eB 2%.5 oo
600 2188 13,48 .oez7 238.9 L017112
Leo L1985 15.22 L0179 2415 01723
200 1781 17.55 o RS 244, 5 .0173%2
000 L1575 20,8 4.9 &) 247.8 .017508
VOO L1471 23.0% 5,68 0083 2437 L7589
oo 1365 25.93 A% -0o7L 251.7 017676
o0 L1257 29.68 4,03 .0058 253.9 LOXTTTR
LOEOC L1BS . 34,88 3.68 .coks 256.5 Lo1738e
L2500 L1085 .5259 ba.72 33 0035 259.6 018008
LTR50 0957 L50TH 58,50 311 L0030 261.5 L 01885
00,0835 o 56.72 2.89 Wes-od 263.8 ©018:81
0380 L0851 86T &1.24 2.78 .ooe2 2649 018827
.30 0811 L4853 67.09 2.66 .00 266.3 . 018284
L0350 L0788 4870 70.86 2.59 o018 267.2 L0183
.30 L0759 923 75.72 2.50 oCLT 268.3 L018364
.933% LOT8 L5078 83.23 2.3 LG0L5 270.C L0184
L3327 06 L5209 87.46 2.3 L OGS 270.9 LO1B4TO
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TABLE VIII.- VALUES OF _Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.0k, ug = -0.06, Zy = VinO's, Br = 900 - Continued

(¢) 74 = -5.0°, ey = 0.11918

a —~ 2
3 7 z -r -- P 3 = 3 + = Vs
¥ Y = deg deg & 1 “ sec - 2
10400 1.0981 7. (0000LE 3. 0000 G003 ¢ [
1.0%05 1.1003 . 1000028 .0001 oce2 0CCE 10,3
1,0410 1,1008 L LO000TE 0003 003 0oL 20,8
1,005 1.1013 000219 0008 0061 0036 e
1.0420 1.1018 000633 ooz 2004 o069 k2.5
1.0425 1.1023 002011 0070 0186 o132 Su. &
104291 110272 COL0429 0365 qugh o321 T2.6
1.0425 1.1023 03OA 1055 L0720 8 2
1.0420 1.1018 ObleTh 1566 . 0876 8.6
1.0810 1.1 286 L1096 93,7
10500 1.0998 3B . 1265 56.9
1.035¢ 1,008 LT11 1845 105.8
1.0300 1.0B98 L 07 L2257 10,7
1.0250 1.0848 1426 2565 b1
1 1.0798 (5] .2832 316.7
1.0150 1,074 i . 3061 118.8
1.0100 1.0508 i L3062 120.7
1.0050 1.06k8 i 340 122,3
1,0000 1.05%8 108 . 3600 w23.7
.9950 1.0548 . 1,50 L 3ph 125.0
. 1.0k98 i, T - 876 126.1
L3000 1,0198 i, 13 Rl 1282
5700 1, i3 0,123 +, 90 _3285 130.0
G600 1.0198 3 4130 5. 66 ki3g 131.6
G500 1, i OO 4139 £, 01 L4566 133.0
500 9958 b1z b .55 13,3
5300 5958 4827k % 1356
L9798 4,843 b, 5 136.7
o1oe L9658 1455 b, o 137.7
R L UTE 3. “. 51 138.7
.B8e L9350 4,512 4, 20h R 4943 49,6
JBeoe L5188 +. 552 4,255 Lz 4538 b2, 2
8loo 8503 4,894 5,288 10,98 4368 1438
.Bogo . B790 1,639 5.323 13,67 s8eg 45,2
JBooo Bsgd 4.688 5,361 12,31 5736 46,6
800 L8 I, TG b bo2 e 1299 7.9
7600 .Blg8 T35 L) 494 .7508 143,2
STHOO L7998 4,853 4. hge 4351 - TT03 150, %
.Te00 L7798 L9166 5B #9T . sy
7006 7558 w982 L.589 03,5058 152,77
6800 L7398 LE191 5.052 L.gl3 3 . 8218 153.8
5600 .798 453 5.128  .701 ¥ET  &B%9 154.5
600 L6998 LETHE 5.208 L. 762 3508 L8511 155.9
£200 £798 = 5.293 4 827 3325 I 157,90
6000 £598 L7182 5.385 4,896 31k .ET53 158.1
.5800  .6358 2952 8887 159.1
L5600 6197 E4 . 8597 160,2
5406 5997 2 .510L 1612
15200 L5197 ROL I} - %2.3
5000 5597 e 5289 %33
uBoO 5397 w21 0Th 93T b
uEoo 5197 .98 L 9453 5.5
hkoo 4597 .72 179 .9528 65.8
kP00 L4796 Tu b2 1595 L9597 BT.T
Looo . 459 1., 0T LT L9662 8.9
L3800 4396 L1305 L9721 170.1 L 13916 LOIEINA
L3800 L4196 LLITL SYTTT 7.3 13970 LOERLT
.3%00 L399 S 1043 .98a8 T2.6 002k
L3200 L3795 -9923 9876 3.9 4
- 3000 3595 11 <9919 175.3
2800 L3394 5T -9959 1767
LoB00 L3196 %Y .59 17TE, 2
L2400 .2993 0520 1,009 179.8
L2200, 279¢ w7 oh38  1.0058 18L.5
L2000 2591 B2 Co%n 10083 i83,3
100 2350 15 .98 1019 185.3
1600 .2 8 .239  LOLY 187.5
oo 193 i) 9187 1,014% 1689,9
1200 1782 o7 0143 1.0165 192, 5
1000 1576 3 0105 1.0179 195.6
0900 . 147F 2 . G4 L00B8  1.0185 197.3
o800 L1367 2 4.81 L0073 10191 199.2
0700 L1260 .50 -] L0050 1,016 20L.3
0600 1159 .B5 .85 LQ0LT  1.0200 0T
0500 L1030 .62 (R .003%6  1.0205 06,6
Lok50 L0966 .8 w23 L0031 l.0E0T 2084
LORT0 089S .28 .58 L0085 1,0209 10,5
-0 . 0862 . G5 7. 88 .0023  1.0210 115 586
L0360 .08 99 2,75 2021 1.001L 212.8 Lok o8
L0350 . 0805 . 56 2,69 2019 1.0211 v13.5 Nul.5k U1, 70
L0360 L0781 .26 .81 L0018 1.cZ1e 218k . 01B3AE 827,50
0330 o752 .18 52 L0016 1,0213 15.5 G183 X
L0320 0707 .TE & 37 201k 1.021% 17.3 . 218! Y7L, 16
L0318 o685 16 \ 3 L0013 1,021 218.1 . 018491 487,32

8L



TABLE VIII.- VALUES OF _Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; V3 = 1.04, Uy = -0.06, Zy = V5x107°%, Br = 900 - Continued

(@) 7; = -6.0°, e; = 0.13233

- ) t = z
7 teg "_: 3 3 sec - = ET
5.673 10000 ° o 0.000
5.629 . 0001 . 0005 8.6
5.583 . 0003 L0014 17.2
5.537 L0008 .o030 2.0
5. 438 . 0022 L0057 35.1
5.435 L0067 0106 b9
5.343 LG50 L0292 61.5
5.286 L1535 .05 1.9 Lk
5.269 . L06ka 5.0 e
5.2k8 .31k L0801 7.9 253
5.234 .m7 0926 B1.5 34k
3.200 8ok 1372 88.5 T
5.184 137 1695 92.% 1134
5.174 1787 i L1962 95.1
5.168 S22 . 219% 97.2
5,164 &b X 2402 9.9
5.162 306 ®52 2592 100.4
5.160 & . 3852 101.6
5.160 8 R 2531 102.8
9950 1. 3085 1038
L9900 1. 3230 Lok, 7
L9800 1. 3500 5
9700 1L L3746 8
9600 1.0 L3978 .1
L9500 1. .b18e 2
<9800 Jh3eh 3
.9300 LU5TL 2,2
5200 W7UB .1
L9100 4915 .0
- 5000 . 5074 .8
. 8800 5371 116.2 . 01E4G3
.B60O 5643 7.6 014631
.BLO0 5893 118.8 . GLU7SE
LB200 6125 120.0 L 14BT
.Booo £340 1211 . 014584
. 7800 6541 1 L 01508
L7600 6728 3 L 01518
L ThOO 6904 1 LO15273
< T200 - T068 Q -0153%0
L7000 1222 o . o15%4 2
L6800 LT%T 126,9 Lo1y523
6600 L7503 1277 . Q156001
L6500 L7631 1286 Q1567
L6200 L TT51 129.5 L OL5Th:
L6000 - TBER 130,3 L 015814
5800 970 132 015888
+ 5600 Boto 132.1 015955
. 5800 8163 132.9 . 016020
- 3200 8252 1338 016088
. 5000 833 1387 016153
. uBoo Blk12 135.6 L0217
L hE0O 8484 13%.5 . 01608
. Lboo Bs52 1375 L 016345
L5200 8615 138.3 016403
. 5000 BETh 139.3 016473
. 3800 . 8729 140. 3 . 016537
L3600 €.92k .8780 1413 L 016602
. 3400 7.08 5,06 1131 .BuoB b2k . 016665
3200 7.%6 1h.83 .B8TL 13,5 L Q16734
3000 7.5 13,76 0f75  .B9l2 18,7 . 016802
. 2800 7.69 11.06 o760 .BoLg 146.0 L 01687z 1383
. 2600 7.9k 1.4 33 0654 L8982 147, 3 . 016943 120, Ghi
L 2400 8,24 1157 055%  .9013 148,€ . OLTOLT 129, 257
L2200 8,57 10,79 olE7  Lg0b1 150,1 L 017094 138,51
L2000 8,91 9.95 0387  .90t6 151.7 LOITITH 168,934
1800 . , 9.k 9.18 onE 153.5 017255 160. Th4
L1600 .Z1BB 13.73 10. 06 8,35 025 Nete:) PR .0L7350 174, 368
1BO0 L1985 15.85 10.6% 7.50 T197 L5126 157.5 L OLTHLE 190. bko
.1200 L1782 17,310 1% 5.66 0150 L9141 1£0.0 . OL7555 209,72
1000 L1577 70,26 12,69 5.8 (518 ] L9154 162.8 LOLTETS 233.63
0900 1873 Tl 13.39 5.38 . ooz L9160 16h, 3 LOLTTeL 248, 02
oBoo  .1368 TOSH 13,22 k.96 . 0076 <9166 WS, T L017813 264,67
o700, 1261 53 15.22 L 52 e SiTL 88,0 017893 284,33
0600 1151 5167 16,47 k.08 o0y 9175 0,3 017983 8. 33
0500  .1034 5655 18,12 3.63 037 9179 173.0 . 018085 339.26
o450 05T 5387 45,17 19.18 .39 Lbo3R L9181 174.6 018152 359. 1
o0, 0902 51 52,33 20.5% 313 v 9183 176.5 L8223 b, ks
o 08T 5030 56.13  2L.24 3.0 00RY 9184 177.5 . o186k FT.12
030 0837 49h8 60,83 22.07 2.8 .ooez L9185 178.5 . 01830 e, o
0350 0818 4316 63,67 2.8 . 0021 L9186 179.2 . 018330 b2
o3k . OT9T . 4895 61,00 23.13 2.7% oL L9186 179.9 018357 431,89
0330 493 Lo 23,83 2.66 0018 9187 180.7 018390 ik, 79
Q320 . 07hY 4530 76, 25,77 2,55 o016 9187 181.9 L 018433 L&2, 22
0310 0690 5135 86,85 26,64 2.37 oo13  .9188 1840 . 018513 506. 62
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TABLE VIII.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; V4 = 1.04, Uy = -0.06, Zj = V3X107%, Br = 900 - Continued
(e) 74 = -8.0%, e; = 0.16093

-y - ' _ _ . e —
T ¥ z deg - q y sec -
¥ ®

9 . G1624

Y . OEhkg

1 - 03250

1 L 08175

6 . 0FO0%

2 56,0 , OTCE5

e 9.0 . 07323

7.8 60.7 - 07B53

e €0, .o7877

foen 7.4 . 08503
Tl 76.2 0BBLE .Grz1es

Tl E Rt
Tl 3
1 4.9
8
&
TB.. LOL34T3
‘13,0 013580
46,2 013769
BL3 013332
da.2 - 0L
#3.0 - 01,
B83.7 - OLk3en
L h M-
s, a1ks5e3
o161
L GLEEDT
5 L GIEB5k
10587 03993

L1186 L1519
. 11164 LOL5E35
Jilgke 015363

REEH

- CL58T3
L 015948
. C16021

VELTTL - D18051
. 11318 (16160

moluin

.11863 016227
Lnlger 016202
Q15357
L1990 L C16k20
L 12031 Rattic

ERSRCRN
-
=
%)
2

.12070 L 0165K3
C1E604

L 12183 LOLETES
.12aera LO16785

me
W
5
3
3
&

. 016845 119. 766
11£.96C

g
PEVE-N

EXeas

3

L OLTS03
. 017583
LO1TRES
LOLT7E2
BLTEEE

LoL7Ieh

017986

01805t
018130
. G180

PWENN Do

PREICE-N

. 018273
. 014335
L0183k
Lo1b 30
018435

[T
e

5DADE RRWEE

PR NN
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TARIE VIII.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.04, s = -0.06, Zi = Vix10™%, pr = 900 - Concluded

(£) 74 = -10.0°%, ey = 0.1913h

€
_ _ a _ _ t
¥ 7. o m 3 Q sec
10500 L0975 QL5 0.0000 0013 © o
10405 1.OR9%E Qa3 . 6001 . oo22 0007 LIS
1,010 11002 9. 404 0003 L00% 000 10.3
1,0815  1,1607 9. 3¢ 0008 L0061 .00 15.5
10420 1.1012 9.3 0021 L0103 .003F 20.8
10425  1.3017 9. 3L GOEL L0176 L00F1 2.2
10830 11022 6.28 d21% 0325, OLLE 3.6
104327 1.16245 ) o778 9.1
1.06430 11022 & 5 1907 43,7
1.0420 1, 1Gi2 011665 9.205 407 W7
1.0810  1,1002 .0L7032 9.19+ .55 43,6
1.0800 L0992 02213 9,18 LT 51.C
1.0350  1,0042 . 04625 9,16 1E0E 54.8
1,0300  .(rig2 08950 3.15 2,40 5T.0
1.0250  1.0842 . 09233 9.1% 3.18 58.5
1.0200 1.0792 . 11580 G, 2 3.94 59.7
1.0150  L.0Th2 1373 T 6.68 £0.7
1.0100  1.06%2 115942 . 1br 5.1 61.5
1.0050  1,0842 18142 9.1k 6.13 62,2
1.0000  1.0552 L2033 9.1 6.84 €2.8
L9950 1.05%2 . 2250 9 9.1k T.5% L5571 .23 €3.0
L9900  1.0452 L 2U6S 9, 9, 14 H.22 L5763 - 63,9
.9800  1.0392 L2892 3 9.1 5.56 L6097 65.9
3700 1.092 L33k 9 5.1 10.86 6372 65.7
L9600 1.0192 3Rk 9. 9.15- 12, L6600 66,4
L9500 1.0092 Lalb2 9 9.15 L L6787 67.0
G400 . G 7% G. 6950 €7.€
9300 5952 ©.7% % LT0B2 68,2
§20c -9792 5. 768 B LI15T 6B.7
. gLoc -9692 5.7 2 7229 69.2
9000 L9592 9.793 g -7280 65.6
.B2o0 .g302 33 9,820 9,10 L7326 " 3 TO. 5
JBEGD  .9le2 7618 9.850 9.2 00 ka6 7.2
BH00 8992 8333 5.881 9.2 7241 R TLG
L8200 .a1%2 906 6. Gl ER-=T .71y el T2.6
Boou ass2 968 9.959 .2 6983 79 73.2
. 7300 .83%2 10357 9.687 £8%6 Ygh 73.6
00 .Blg2 10973 10,027 6535 508 fheo b
7400 LTS9L 1575 10,069 G €383 L5210 T, &
7200 (TGL i 2154 10,11k 30. 76 6145 .53 75.5
L To00 7591 &t 10.162 3138 BGh 5551 TE.C
6800 LT3 1c,212 .90 .5633 556+ 6.5
6600 7191 10. 266 = <5365 567 7.0
£400 L6991 10, 324 .96 . 5092 576 7.6
€200 L6791 10. 386 3271 LBl 586 ToL
6000 €591 10,452 S ) LS Lol TB.6
SRen 6391 10,523 9.5 = 2= 9.1
5600 6191 12.60C  9.57 . 43 3988 E15 9.6
S600 L5991 10,682 9.6 3220 3718 €17 70,1
5200  .5T9L 10,772 Q.6 31.81 3853 624 50,6
50CC 5590 10.868 @7 3132 - 3193 530 Bi.l
LBeo L5350 1 10.97 9. 30.7% . 2941 36 816 096
BOO 51 1 11.09 9.81 30.07 L2697 153 gz2.2 LOG70L . OL6B5N
wall L 990 1t.21 4.8 . 2361 E47 s2. 7 LO9T731 . 016913
L4200 L UTHO 11.35 5.9 2235 .BSC 83.3 L0960 . O169TL
. 14000 . L5650 115 10.0: 2018 .656% 83.9 . 0a789 LO1TC30
3300 k) 1813 .66 LU 09817 . 017088
Boo L4189 1618 .66 85,1 LOG8LS L DLTIAT
300 L3089 W LEEE: 85.8 L9873 LOLTR0S
3200 . 3788 1262 ETE 86.5 . 09900 L 037265
3000 .3588 L1101 SBT5 87.2 . 05928 .o17324
2800 .3, . 0952 88.0 - 09954 LOLT3ES
2600 .87 L0615 88.8 . 09951 L O1TUAT
2400 L2986 L0EST 89.7 10007 LOLT511
2206 L2783 o5T7 50.7 10034 LOIT5P6
2000 L2585 LOLTS 9i.7 10060 . OL76kk
.2383 13.75 .0385 10085 LOLTTLH
, 2182 12,32 .Q305 10111 .o17788
1919 10,89 .Q2 10137 .OLTEEB
176 G.u7 Roved L1062 . 017953
1572 a. 0128 10186 . 018048
1468 7.8 ot 100 018100
L1364 6.70 . 10210 018155
1258 6,02 L0071 10022 .018216
1149 5. 3 . 0056 10233 018284
1035 4,65 oo 1020 (018363
L0975 430 L0036 10259 . OLBL0R
090y 3.93 L0030 1085k 018463
. GBBL 37T . a2y 16256 . 018488
N 28 3.60 0025 10258 018515
L0818 3.43 L0023 .10259  .OIBSLT
. 322 . 0020 10261 . 018586 =40, 37
310 .CT56 3.10 . O0i8 10062 018610 - 11
300 Neie::] 2. L0017 10063 L O186R2 1.63
eS0TI 2.87 . 0016 L1063 018663 568, 31
20 L o68k 2.7 L0018 10064 018654 584,62




TABLE IX.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.04, Uy = 0.06, Zi = Vijx10™%, Br = 900
(a) 7; = -3.09 e; = 0.09685

= 5 s - = T ne
i Ve z % e ¢ +
£.000C 0.0003 0 a 9 0,000
L0001 L0015 .oooh 17.3 . c2ze 000
. 0002 . 0026 . 0021 358 . oGy ~000
. CO0E: Kool . ooks sh4.2 - 06902 oa
L0018 L0075 o8l 74,8 . 09511 Lo02
LO0ES L0150 L 01B 99.8 . 12695 00T
018k 3z L0337 122.3 - 15549 L01%
2,205 o7 o351 .o5en 139. % 17732 L 041
2,13 oks: L0693 1512 L1523 LOFg
2,066 1087 0579 LO6LT 163.0 L20T43 123
2.005 1 0AT2 108 1704 21681 L1533
1.921 n7 o L1681 190.3 245200 .333
1.8 LET3 1161 212 201.2 25578 502
1.841 1 621 L1340 L2870 667
.82 1 LTEY Lk L278e 829
1LB0S 1,905 3 L1583 L3062 990
1.800 L.g:s 1.039 L1680 331y
1. 796 .9 Lim JATES 5%
1,795 1.90% 1.3 -18k6 3778
9950 L9350 1795 L9I0 1. e .
<9900 L33 LT9T 1.913 1.555 L1963 AL}
. 1.807 Lk 1,800 2073 sk
L9100 1,821 1,561 2,04 2158 . ba8y
~9000 1.838 1,91 2,27 2228 5151
. .Booo 1.85% 1,985 2,50 N
9400 .BBLO 1,883  2.01 2,72 L2330 . 3ThS
9300 8700 1905 2,041 2.92 -2 <3997
9 . BE0C L9337 207 3.1k .23gh 6233
9100 . 8500 1.967 2,100 3.35 Lehik LBBST
9000 koo 1999 2.1k 3.55 .2h2B 6665 L 013410
Bgco 8200 17195 2,067 2.219 3.9% ] L TOEL L1358
Béoo . 8000 15330 2,142 2.302 y 32 L2428 JTeET
Blkoo - 7800 2151 2,221 2,392 467 . 2hoe LTTRL
8200 7600 2373 2.306  2.588 5.02 L23%2 L8038
8000 L TH01 00 2.39% 2.550 5.34 L2311 L8310
T800 . 7201 2832 2,450 2,698 5,65 .2250 . 8561 .
TEDO . TO0L oo 2.590 2.812 5.9h L2181 .BT198 291,9
TL00 6801 3313 2.6 2.932 6.21 L2105 . 900k 29h.6
L6601 3563 2,803 3,058 6.47 ~2023 .9201 297.2
TOOO L6401 383 298 3191 £.70 L1937 L9382 299.7
EBDD L6201 HOTS 3.08 3332 6.92 L1847 L9550 302.1 . 36048
€500 6001 4347 3.16% 3.58¢ T.12 L1754 8705 30&.2 . 37150
6300 5801 w22 3.295 3.6% 7.29 L1659 L9848 3068 37321 015032
6200 - 5601 5903 143 3.80: 7. 44 L1563 9980 309.0 - 37993 By 3
BOOO |, 5%CL 192 357F 397 T.57 L1666 10102 L2 37656 .ou5eR3
5201 . 5488 3732 b6 7.68 L1368 10918 3133 37812 015333
SEQ00 . 5002 5792 3.892 778 J127¢ 10317 315.5 - 37960 LO1543L
B2 5862 £103 Loe T 7.82 L1177 1.0u12 317.6 38102 LO15530
5200 602 €423 42 b.79 7.85 L1083 L0500 387 .33 Loiseey
5000 .LA0@ 6752 483 5.0% 7.85 L0991 1.058¢ 3218 3839 .a15T28
4800 Luage . TO90 583 5.30 7.83 L0902 1, 0653 339 - 3840k . 015828
Y00 L booz LTH38 4.85 5.58 .77 L0815 1.0Ti8 336.0 JBEE L Or59eB
skoo . 3803 L TT9T 5.08 5.88 7.69 .07 L 38,2 L3873 . 016030
k200 L3603 L8167 5.33 6.21 7.57 L0652 1.0B35 330.3 SBE 016133
5000 . 3503 . 8550 5.59 6,58 T.83 L0576 l.oedk 332.5 3895 - 016238
e . 3204 . Bgi8 5.88 E.58 7.25 L0505 1,0029 3348 L 39083 L 016348
600 « 3004 .932 6.19 T.43 7.0 437 10069 337.1 . 35158 016k
3k00 . 2805 9795 6,54 7.93 6.80 03T 1,1005 339.5 39270 Q16570
R0 L2605 1.0251 6.91 B.50 6,52 0316 1,103 32,0 39370 015635
3006 . 2h08 1.0735 7.33 2.16 6.21 c26h  1.106L 36 39458 016811
2800 . 2207 L1252 7.80 9.92 5.87 L0216 11088 T 39565 . 016940
2600 2008 1814 B.33 10,81 5.50 OL73  1.1109 350.3 39662 OLTO7"
2500 L1810 123 8,93 1188 5. 09 L0135 11127 3535 35758 o1i7ze2
2200 1612 1.3133 9.63 13.20 .65 00 1,11k2 357.0 39855 Q17378
2000 L1k 10.55 1487 5.18 0075 1.115% 3%0.9 39952 017557
.1860 L1218 17.04 3.69 .0052 1,165 365.2 o052 OLTTS5
1600 L1R3 20.00 318 L003% 11173 370.4 40155 017966
Woe (0831 24,26 2.65 .20 11173 6.5 018227
L1200 LGRS 30,87 2.1k L0011 1,1183 3865 40386 QBss2
1000 L O5TO L2 @ L&T3 L0005 1,1 395.4 40527 018985
L0906 L0390 50,50 1.485 L0003 1188 503.0 Y0610 .O1eT:
.oBon 036 £1.68 1.359 ooe  1.1185 5132 50709 019631
LOTS0 L0280 €8. 38 1.308 L0002 11189 420, 0 - LoTEg 015856
LOTOOT 0843 75.85 1259 L0001 L.1190 429, 2 LUDBLE  .0RUL3
L0680 0226 9.2 79.05 1.23% L0001 11190 u3h.2 .hoBBE . oooeTs
.0660 L 0ROT 8.0 823 1,208 L0001 1.1190 440, 7 LB0936 L 02OhuS
L6k L 01B3 15,60 85.8L 1,168 L0001 11150 450,14 41009 . O20RTH
0620 0T 13.7% 89,12 L6 L0000 1.1191 LT JHLIBT 021099
0616 0110 13,35 B9.96 1.050 L0000 1.1191 510.% BT R ]
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TABLE IX.- VALUES OF Z_ FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHEERE OF EARTH; Vi = 1.0k, Tg = 0.06, 21 = ViX10 %, pr = 900 - Continued
(b) 74 = -%.0°, ey = 0.10720

a
7 e = 3 ? * e Ay Jar &
v v, z 2eg -z 1 ] feo - - sy

1,000  0.980° 0. 00000LO &, 2bs . 0000 o 0,000

1, 0405 986 . 0000028 &, 169 . 0001 001135 .000

1,010 .98L . &, 091 . goo2 oRTTS 000

1.0615 3 . 0000219 009 L 0006 CO3UDE. .0a1

1.0420 21 . 00006 3% . 923 . 0018 004608 .02

Lo2s 98 . oo0e0e2 3,825 . 0056 COSE9E: LO0E

1.0u289 9830 0009942 3.685 . 0280 ] 0%

1,025 . 32.591 o777 . 00BB1E: 81

1,0420 OULTY 3.555 1159 . 009261 120

1,0810 05565 2.513 1821 . 009785 .1B9

1. 0400 . 008778 3.187 .23 . 02008g 253

1.0350 » 019025 ERLN . 524 . 010958 551

1.03%C0 . 02876 L0 T8 . 011418 LB

1.0250 .o3827 3.37 1.043 LO11T4L 1

1, 0200 L oh762 3.359 1.201 011985 1

1.0150 05687 3.351 1.536 01219 1

1.0100 LOEE03 3,346 1.7T1 . 012363 1

1.0050 07513 330 z.00 012512 2

1.0000 o8h15 3.383 223 L1264y 2
9950 930l . 09313 3.3k 2.4 012762 a2

93C1 .1ees 3.346 2,68 . 012868 3.
5800 L9201 L13977 3,352 2,11 013058 3.
9700 91(\ L13733 3.3¥1 .52 013222 'S
9600 L 15475 3.373 3.92 013366 A,
9500 890. .17205 3. 387 “, 30 . 013495 5.
9400 .a8ol 118923 3,502 +. 68 175, L013613 €.
930 .87t L2063 359 5,04 177, 013721 £.
.g200 860 L2233 3,438 5.39 135 L3&B 179.1 013821 7.
9109 .85 L2u02 3,457 5.72 3 5038 180.6 013914 T
Bhos .2570 478 6.05 3168 5201 182.0 1400 8,
8800 .Becy 2903 3.52h i 66 . 3168 L5502 184.€ . 01k1I62 5.
8600  .Bocl ®313 3.573 Nkl L5TT6 186.9 L 013307 11,
ko0 LT80L 3561 2,627 3091 b0 189.1 L OLUkbD iz,
8200 L T60L . 3885 3.685 3023 6259 191.2 . 01456k 15,
. 8000 L ThOL 207 3. 748 4 2040 6472 i93.2 . 014480 15T
L7800 L7201 . us27 521 3.815 B/hs  LEET0 195.0 17,813
7600 L7001 L UBLYy 580 3.886 270 L6853 196.8 19,180
THO0 680 L 515 3662 3.963 #eT LT 158, 5 20,915
20 .66 L5472 LI Ok 2508 L7180 00,2 22,800
. 7000 KU L5783 2] L3131 2384 LT3eT 201,8 24,783
. 680G L6ane L6092 3.852 4,225 2257 LTuEY 2034
L6600 6O 6399 3,932 u.3b 2128 7591 205.0
. . .6704 L.016 4 431 1999 L TT09 206.6
L7008 . 106 4,545 1BeG L7819 28,1
L7310 “ 202 4,668 1740 L T921 209.7
7612 4305 k801 10,65 1613 .BOA a1z
To12 ERAL 4, gk 10,40 1488 .Broy 212.8
8nz 4.533 5.10 10.52 L1366 . 8185 214,13
8511 4,660 5.27 10.ho 1247 L8261 215.9
8810 L.oT97 5.45 to.2% 1133 .8330 217.5
L9110 4. 94l 5.65 1G. 08 1022 8354 219.1
.91 5.10 5.87 .83 o7 L8h53 220.8
Kt 5.28 6.11 9,58 o817 8 222,5
1,001% 3,47 €.38 2.29 Q722 8557 224, 2
1.0329 5,68 £.68 3,97 4 L3N 8502 226.0
1. 0644 5.91 T.01 9,63 . 0550 LB6L2 221.9
1,067 516 1.3 8,25 Lok .BETS 229.9
1.1300 5.45 7.82 7.8k Lokoz  LBTI2 2319
1.1647 6.7 8,32 7.51 0337 .BTh2 2361
1.2013 7.13 8,90 A.55 .eTe .B7€8 236.4
1.2405 T7.54 9.58 £.4T . Q226 .BT9L 23,9
2833 8.0u 10,40 5.97 0180 8811 2416
i, 3310 8.57 11,40 5. e 0139 B 243,85
1 0 9.22 12,64 5.90 0105 . a2 257.8
1,957 10.00 14.23 4,35 . 0078 . 83854 251.%
5339 10.95 16,33 .78 o052 8864 255.7
o33 12,1b 162k 3.21 003k 8872 260.7
13.66  23.50 2.65 ocee 8878 6.9
2, 0517 15,62 30,18 2,12 00i1 . 8882 2748
2,5169 18,10 L1,58 1.656 coos 888 285.8
2.77300 19,50  50.23 1,478 0003 8887 293.5
5008 20,32 61.59 1.350 0002 303.8
u, 1u89 20,32 68.36 1.303 0002 8868 3167
1, 9853 19. €l 15.86 1.257 000L 8889 29,9
0680 0226 7. bge1 19,03 T9.06 1.2% .oo0L | 8885 24,9 LRy L oeceTd
oEEQ L0207 v, 2106 18,10 82.u0 1.208 L0001 .BB8g 2314 LeBege L 0R0ki3
06k 0183 7.4083 3 85.85 1.168 ocor 8885 312 2836 L 020ET3
L0620 LOLWT 12,5283 i Bg.13 1,106 L0000 LH890 *2.h 28523 02109
L0610 L0110 LT.TTEG 89.97 1.050 oo L8890 »01.2 . [

89



TABLE IX.- VALUES OF Z_ FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; Vi = 1.0k, Ty = 0.06, 24 = Vix10"°, Br = 900 - Continued

O
(c) 7, = -5.0, e, = 0.11918
1 1
. -y - = 4 i
: IR
1, G0000T0 5,000 1. 0009 g - I}
 CO00CEE 4,943 L0015 0005 L0130 00113
- GOoOOTT 4. 885 . D026 .00z
. oooeE1s 4,825 . D0k3 e}
000626 4762 -0073 008
. 0002923 €91 L0129 Looge
L001307h 4572 0337 .0256
00208 L0603 o7
- 025977 o718 - 0567
005140 L0885 Lorar
.012103 1016 it
LE55%6 L1463 L1233 H
.03521 T8 1899 1
05220 2 ATH L 1
LTBITL 2235 L1542 1 1
JOTTTO 2411 Laziey i B
09087 2565 7295 2 RN
1675 700 L2850 F P
11515 2820 2595 B ER
12748 +.317 2928 «2731 27,7
+13973 317 » 302k 2860 128,39
L1640k ©,318 31188 L3098 133,0 LOL3EGH
18811 4,32 3o L3306 2.8 035
2120 437 328 L3516 i3, 01371
L2350 1333 3513 - 3702 135.9 013847
L2590 382 35 i L0139
2822 1,349 €30 k04O OO
.30 i, 359 . L1195 LOLRIEE
- 3280 L 3D ¥90 Lb3u1 . OLh2E
3507 .37 e Lsh8o LO18Y
gk 1,503 L4738 .01n505
4393 1,430 L8372 018643
oS 5. b59 5189 LOLLTTE
.5250 koo .5388 L O1LBG
5667 L.s2b 15572 L0150
b L5782 015117
4,599 .+ 5900 Lo1521 ¢
1,641 L6047 .01531
4,686 6184 L O154C
4734 £311 . 015492
~. 785 B30 SGL5577
- 8o L6541
.89 664k
hoge2 <701
030 L6838
.103 691k
181 L6992 5
1. 266 o TOER 57.
.358 LRI 61,84
458 L7393 65,137
<7251 76,745
- F306 5. 708
»T352 81,07
397 BE.91%
Th3B 9333
7.48 ST 100, 335
7.80 7309 108,124
8.16 T5E 116,83
8.59 7566 126,654
9.9 L7590 137.86%
1. 407E 9.69 3 7612 150,811
1,5388 10,41 P69 L 019¢ LJTEAL 166,014
1,678 11,30 .03 Bl JTEWT 18,20,
1.51k1 12,43 W3 - T6EY P06, 4T
1.563T 13.89 4.68 LTS JTETS 234,55
16280 .01 oSk L7682 271,33
LILTS 1.35 w035 LTEER 2,03
1.8528 Rl L7695
2, D8Ok LO0LL i
2,93 305 STT
2.9291 L1303 LTTOM
36062 L0 LTT05
hoaben 68,21 1,295 L0 L7705
b, 9Bl 75.80 1.254 Sl LTTCE
54922 1.233 D001 LTT0E 22151
6.2113 3B 20 2101 L7706 .22241
7.509% B i.168 L000L LTTE 22315
10,5286 3 1106 0000 STTOT 22473
17.7728 .35 2.96 L.050 « oo LTTOT +22757
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TABLE IX.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; V, = 1.0k, T = 0.06, Z
(d) 7i = —6100, e

1

| e

0.13233

= V,X107%, pr

900 - Continued

- - = t at) - 2
g 2 2 < = ] = Tr%
[ o 0,000
8.6 . 0L08h . 001135 . 000
17.2 @180 . oe273 .00
. 1 26,0 03293 .00319 .00L
. 0000EZ 1 35.0 o35 . 004585 L0
. OOO1B¢1 ah.€ 05645 . 005809 .ous
. 0016103 63.5 0BouL . 008201 . k6
. 0056k .7 03469 0095 $153
+ Q0T8O 7.6 09835 009957 .225
LOLLTO 813 10301 01008 L3337
L015361 8.7 10616 aone hEY
. 03266 90. 7 11490 O11554 LORT
. phoah 9.5 11572 012016 153
06558 97,2 .12310 012338 1.918
08154 99.3 . 12572 012588 2,500
09751 1010 .12785 012791 2,882
11329 10e,5 ISt 012663 3.5
12897 103.8 .13123 O13113 3.850
1445y 104.9 1326 013245 k. 3%
. 16008 105.9 13387 O13¥3 L, 825
L 17541 106.9 .13500 013471 5,315
L2059 108, 6 L 13700 013661 €.
L2361 110.¢ .13872 0138214 7.303
L2660 111. 2 L 1ho2h 013568 8. 31
. 2956 2.5 . 15159 014057 2.33%
e 113.5 .1boB2 orézny 10,371
3540 114.5 14396 014371 11,419
27 115, 4 .14498 . 014420 12,480
w12 115.3 14594 .014511 13.5%6
4394 117.1 L1568, . O1%597 14, 656
L4950 118.6 15848 . 015755
L5494 120,0 1596 . OLLBE
L6028 1213 .15130  .0R5025
L6550 1225 35253 L O151uk
.06 123.7 1537 LGi5ESS
L7561 124.8 15kTh .015359
.Bokg 125.9 15574 . 015458
.8525 126, 4 LIS669 L 015551
.8990 127.¢ 15759 . OLS6H1
Lgkka 128.% 1586 . 015727
. 9883 5. 743 6, 16.78 129,9 .15928 . 035809 53, 600
6600 .6003 1,0311 5.782 5. 16,80 130.9 16008 015890 . B6E
5400 .5803 1 5.824 6. 16.93 1319 L6088 . 015968 50,277
6200 560k 1.1128 5.869 6. 16.51 132.8 L6159 L OLE0LY 53, Bl
OO0 5u0k 1,1517 5.8 6, 16.81 133.8 .26231 016113 5T, 587
5800 . 5204 1,1893 16.65 13.8 L36302 . 016152 f1,517
5600 + 5004 1.2256 pL 1 135.8 L1637 . DLE26L “5,657
SBOD . hBok 1.2605 16.16 13.8 L6538 01633% 70, 027
L5200, hEDH 1,2950 15.82 137.8 L 16504 016407 T, A5
. 5000 Lkhoh 1.3261 15.43 138.9 L16570 016478 79.567
4800 L haok 1.3568 14.99 140, 0 LIRS . 016549 AL, 803
LbE00 L hODL 1. 3862 15,50 111 L16698 016620 20, 403
L0030k 1, b1 13.9€ 42,2 JIETEL L 016691 6. 41T
k200 L3605 1.%%07 13.37 1534 . 16824 Nolyet 102, 907
. kooc L3805 1. 4660 12,73 164, 7 . 16887 . 016837 109. 947
L3OO L3205 14900 12.08 16,0 16950 . 016912 117.630
. 3600 3005 1.5128 11,39 1474 17013 . 016989 126,070
. 300 . 2806 1.5347 10.66 158.9 17077 OLTES 135. 616
L300 2606 1.5558 9.91 150,41 171k 017151 1b5.860
. 3000 207 1.5768 9.13 152,03 17207 017238 15T.656
.28cc L2207 1.597% 8,34 154.2 1727% 017329 iT1,150
L2600 L2008 1.6191 7.53 156.3 17382 01742 186, 822
L2400 1809 1.6429 6.70 158, 7 17613 017531 205.38
L2200 L1610 1.6708 5.91 1613 17587 QL7667 227.83
L2000 .12 1. 7057 5.10 164, 5 17565 017776
. 1800 L1215 1.7531 431 168,0 L1768 .017923
160 L1019 1.8230 3.55 172.5 17737 01609
00 L0826 1.935% 2.83 178.0 .17837  .01B312
- L2oe L0638 2.1365 2,18 1B5.5 17952 018533
000 L 0N3 2.5509 1.6 196.3 18061 018993
. 0900 L038BL 2.5440 1.k 204.0 18178 019269
.oBoo .03 3.6138 1,35 215 b 18277 019628
LOT50 .78 5.1528 1.285 2213 18339 01985k
LT00 ook 45,9916 1,268 230.7 1BR17 020135
.80 .02 5.4997 1.230 235.7 1BUST 020275
e 2] . 0206 6.2193 1.204 2h2, 2 18507 . 0208L5
L0BBO LO1B3 7.1173 1.167 252.0 18581 . 0R0ETS
L0620 oMy 16.5339 1106 273.2 18738 .021100
LOELO .0118 17. 7726 1.05¢ 31L% 19023 021699
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TABLE IX.- VALUES OF Z7_ FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH; V4 = 1.0k, Ty = o 06, Z; = V4X10™~, Br = 900 - Continued

(e) 7, = -8.0° , e, = o.16093
1 1

- - . Y 2 - = t o ay oyt
¥ : © 2eg e 1 8 sec T < Ve

1.0600  0.98¥ 0, D000OLG 8.4 », GOO0 L0 T

31,0405 981 . 8 8, 0001 . 0615 ,00a3

1.0k10 981 . N - DO - 200E

1.0615 LOEC  OO00ETT 8, . BOOE LO0kF LBOE

1.0420 JGE Recie:itd 8,333 L0017 L0073 Rt

1.0k2%5 L€ L 0001811 8,260 8050 2025 .o05h

108327 Q& . 02200 B,190 JO6T H3T N4

1. 0h25 J9E . ] 8,13 L0867 ohod 58,0

10620 JgE 011552 8,123 .0999 Neyrl 59.9

1,0810 g€ Q16860 8.108 . 120k 0572 62k

10600 G .062190 8,008 1368 065 65,1

1.0350 9T L0455 8,0m 1952 -0gh8 g,

1.0300 LgTe . 06872 B, 058 2 £1165 .7

1.0250 -09130 2,050 2687 L1344 73.7

10200 11361 8,065 2958 L1500 75.2

1.0750 213571 8,02 3190 L1E%G T6.4

1.0100 15765 8,060 .339; 1767 775

1.0050 $179B3 B.033 35712 L1884 4.4

1,0000 <F0L 8,038 L3731 196% 9.2

SITES 8,038 . 3873 L2097 T9.9

9900 2,03 &0 JhoD0 L2194 #0.6

3800 B 4 81.8
JHT00 8, a5

-9600 83.8

9500 ab.&
Jghoo 85.4
3300 8.1

.5e00 %.8

-9100 87.4

JOs 88.¢

8800 8.1

.80 90.1

ot d 91.0
R %) 91.9

L8000 9.7
7800 93.5
. T600 98,3
JThOO 9%.1 .
7200 a5.8 L1760 L C15%: 51.h0t
7050 9.5 11822 ;
.680¢ 97.2 11883
6600 98,0 11940
6500 58,7 197
6200 . 12051
L6000 100.1 12104
L5800 00,8 .12156
L5600 1oLE L 12206
. 5500 e, 2 12256
L5200 103,1 .12305
5 1039 L1235k
L 4R00 105.7 .12u0e
LWEDD 105.5 . 124k
.bkoo LOE, % . 12897
. 5200 107.3 . 125hk
000 108.3 .i2592
3800 109.3 . 12640
. 3600 110.3 . 12688
3800 uLns 12737
. 3ac 112.8 . 12787
« 3000 h,1 .12838
2800 115.6 12891
2500 5 17.3 L 12FE
L2800 428 o172 - 5869 118.2 . 13002
-2200 ] o127 + 5881 2k L13063
2000 o1 L0090 L5831 P9 L3127 LOLTETh 305.77
,180C .08 L0061 5B 13196 LO1810: w27
L1600 +. 07 L0038 L5306 L1373 L0182 92,1
2400 3.1 .02 5713 L1336 :
1200 >33 L0011 5915
1000 1672 9005 538
900 .82 L0003 5919
. 080G L3063 0002 5520
L0750 1,265 oo 50
OT00 2% .000L 5921
B0 5.5350 2001 5%t
0660 6,2539 1 . 5921
LJOELO 7.4b98 D001 591
L0520 10,5547 2000 L5922
L0610 17,7752 2000 592
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TABIE IX.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; V; = 1.0k, T, = 0.06, Z; = V;X107°, Br = 900 - Concluded

(f) 71 7

-10.0%, ey = 0.1913k

= = 2 - = @ A —4
v v, -=r 1 Q sec - %l N
11, 0000 o [ o 0,000
L0001 oo 5.1 LO0EBY 00113 Louer
.00 . 0006 10.3 LoLe 002271 o0
L0006 L0013 15.5 LCAghk L 003615 ot
o017 L0024 20,8 . 02606 . DOLSES o
00R8 L0043 6.2 La388  L005T5% S
L0155 L0080 3.2 LLQIT . DOTOSkL .Cit
0773 L0181 40,3
218 L0306 45,6
L42B LOh32 9.1
613 -0519 510
789 - 6590 52,3
1619 L850 56.1
-1 Lem) 8.2
9.656  10.25: .18 1% 53T
3.650 10,24y .93 L1338 £0.9
9.64k 10,24 6T L1551 61.9
9.64%0 10,24 W39 L1578 €.7
3.63 10.24 10 R T ) 63,4
9.633  10.23% IN: 1) JH21S L1776 64,1
9.630  10.24. L4375 L1867 64.5
9.827 10,24 L4518 1953 £5.2
9.623  10.247 L4783 L2113 66.1
9.619 10,25 JHOEC .2759 66.9
3.616 10,254 L5118 239k 1.7
9.61% 10,255 L5245 L2519 8.3
%.611 10,265 L53B3 2636 68,9
3.610 LSL1E L27A6 £9.5
9.608 L5468 2850 70,0
3,607 L5501 . 29kg TO.5
3.605 .5518 . 30h2 T1.0
9,60 55 L3236 7.8
9.603 JShhE L3374 T2.€
9.6 ST - 3520 73.3
9.602 .5215 L ¥ESH TH.O
2,608 5056 L3779 T
9.603 s8TT 3894 75-3
9.605 480 L kote 5.3
9.606 wnLuace 6.5
3.609 4251 b295 7.1
9.611 5085 2R M7
3.615 - 379k k364 78.3
9.618 . 3561 RO 78.8
9,623 3327 b511 T9.3
9.628 .3095 L4577 80,0
9.6 . 2866 Jbeso 80,5
3,641 L 2RhY 5656 B1.1
9.649 .o Lb752 BL.7T
9.658 L2208 .L8oe ®.3
9.669 .2003 LuBhg 2.9 L 069
9.681 (1806 .b893 33,5 01705
3.€95 L1628 L5934 Bs.2 . 09925 L3114
9,712 [PUTGIEN Y 61 84,8 06T 017350
9.731 L1272 L SO0E B85.5 L 10005 Nork -1
9.753 L111h L5038 6.3 L 10043 L0173
9.780 L0967 L5067 2.0 L10081 o173
9.6811 .0832 509k 87.9 10120 L01Th:
9.849 G707 L5119 aa.7 10159 L0750
5.895 .0593 L51MY 83.7 10158 LO17578
9.951 Lobgl L5162 90.7 1239 L0174
10,020 LOu00 L5180 91.8 .leBo L ouTrer
10.12 LOng L5196 93.0 10323 .OLTT%
10,22 024G L5210 9b.% 10368 7y
10.36 0189 5223 %.0 . Lok
10,55 J0i3g L5233 97.8 . LOUES
10.81 L0098 L5243 99.9 . 10519
1.7 . D066 L5850 18,5 L LO5TT
11.69 L00h) .5256 105.7 . L0643
10.49 .o0e3 L5261 110.0 L0720
13.77 o012 5265 116.0 .loBi2
15.91 . 0005 5268 125.4 L 10933
17,41 L0003 L5269 1.5 11012
18,91 oK 5270 1h2.€ 11112
19.33 . oo J5eTC 1L9.€ LL1ETH
13.07 .00m 527 155.0 11252
18.61 1,231 . 0001 L5271 164.C L11292
17.8 1.192 L0002 5271 170.5 J11363
16,45 1,162 . 0001 +5271 180.2 11416
13.70 1,104 L0000 L5ET2 201.2 L1572
10,35 1,050 . €000 5872 239.6 12854
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TABLE X,- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH SO THAT V,.,=1.0; ¥, = -0.06, Z; = V;X107®, Br = 900

(a) V4 = 1.10, 75 = -3.489%, e; = 0.2183

1
T 7 - -7 %)
¥ I ¥r 2 aeg sec T I
£2,000001 1 3.489 G o 2.000
40000034 3.252 08373 001399 oo
000013+ 2.992 L0060 .002BYM o
000052 2.693 07951 004205 001
000k 2.15 \132R8  L0O0GH9E L011
1.1 0125841 1.780 15985 .00TBR3 o3
11010 1.1510 001770 1.653 18253 .00&203 cha
1.15 002622 1.k9%k 158ke .00BERD s
1.1 008038 1.299 PLEFR -00g9122 -110
1. 003802 1.113 23751 .o0952Y 159
.COH199 £503 23560 R LT
.BLL7ES 645 29005 010329 327
hEs 231317 010552 500
.332 33299 010690 sz
.227 .35105 010777 k8o
L3BELZ 010832 .51k
J33EEA 010865 529
JLO0GS 010881 337
1728010887 540
Jh32E7 -010888 oL
010 L5020 010889 541
032 Ko
158 571
L350 B
<59 3 2 T8k
858 L8O w327 J1620 1.818L 1.006
1.116 1.162 1739 1
1.367 1.hkg .1
1.50% L1779 1972
1.%29 2.1h \2070
2.0k2 2,53 L2143
2,267 2209 515.3
2486 .2351 526.5
2.639 227 525.2
2.830 L2281 529.3
3.018 2273 533.0
3.206 ze S3E.k
3,300 2215 539.5
3.586 2163 sk2.h
3.776 L2111 945.2
3.872 ~20U6 547.7
1972 290.2
-1893 552.5
1808 54,7
-1719 556.8 B
J1526 553.9 ETH -015182
1531 2.5913 g 015290
LE3 auce 9 015397
21337 2.8 i 015503
1239 2.62%¢ 566.8 L015607
142 2.A29C 568.7 015710
06T 2.6360 5705 .615813
.0953 2,643 572.4% 015916
L0862 2.650u 578.3 \01F01E
WOTT3 2.655) 576.2 L016152
L0685 2.6604 578.7 01625
T.3 580.1 016331
1.15 582.2 OLEh3H
8.1% S84.2 016557
2,63 586 i OVERST
9.2 588.7 016775
591.1 016896
593.6 -O170R2
396 .k LC1T157
593.5 LOL7302
507 .5 017560
£05.7 01760
611.6 25T
615,77
BI£.E
£18.9 01817k
2.80 &20.1 .Olees
2. £21.7 B90Gh -O1bZET
£22.5 69455 01832
£25.0 EH5E -018354
&2 LBRTT 038458
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TABIE X,- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR_BALLIgTIC ENTRY INTO
ATMOSPHERE OF EARTH SO THAT Vy-o=1.0; ug = -0.06, Zy = VixlO' , Br = 900 -
Continued

(b) V; = 1.20, 75 = -14.825°, ey = 0.hh6k

i

- - - — t =
ik . IS N A R
1.2550 0000012 ©.0000 9 o
1.2603 000008k K 02691 .00
1.2609 - 000CESH 05895 ,00kBEY
1.26137 .000393¢ 09150 006383
1.2609 0011563 11623 007633
1.2600 002666 13637 008562
1.2580 005022 . 15182 009268
1.2550 008007 . 16650 009789
1.2500 012255 . 15190  .OL0266
1.2500 .019183 B 20150 .ClOT74
1.2300 L02UTT . 21535 L011067
1.220C 202938 1. 22654 011266
1.2100 .03322 1 23619 011412
1.2000 03641 i. 2hL8E 011524
1.1900 -03906 1. 25285 011612
1.1500 .olize 1. 2603% 011681
1.1700 o265 1. 26748 011737
1.1600 LOW31 1.6 2736 .0l1782
1.1500 LOLEOT .217 207 1 28760 .0118%5
1.1200 k679 124 13 1 30047 011883
1.1000 LOLET2 056 0, 1 31322 .011903
1.0800 L0L511 s o1 1 32603 011910
1.0600 0u527 000 al 1 L3303 .0LIGLL
1.0%00 LOBBEY D16 1.571 011912
1.0200 04385 &k 1.426 011921
1,0000 .043B8 148 1.400 O11945
95C0 .ouk8p 267 1,20k 611992
950C e 420 1.843 012069
8800 .9k00 603 1.523 012176
L8600 .9200 .07 1,862 .012311
L3500 9000 1.026 1.818 .o12k69
L5200 . 1.753 2.03 612642
+5000 8600 1.483 .28 L5kEL .012823
L7800 .8h00 1.713 2.57 6122 .013006
L7600 .8200 1.540 2.88 LBAEG2 .013188
THOO 8000 2.166 3.22 47190 -013366
7200 L7806 2.3%8 3.57 ATERL 013538
7000 7599 2.609 3.9% L8005 013"
ERO0 .T399 2.827 .31 .h8343 01366
6600 .T1%9 3,085 589 Agehy 01ko18
00 6 3.264 5.06 911 014146
6200 6799 3.h8k 5.43 49153 014309
6000 £699 3.707 3.79 u9372  014BuE
SHCO -6399 3.932 A.14 19572 OLETY
5800 6199 5.163 £.47 49754 LOINTOB
5400 5998 %.399 6.78 19921 L014833
5200 S5T98 bLEw3 7.07 50075 014955
450 5598 6.895 7.33 50218 .0150Th
2398 3.157 T-57 BpLTes 2035¢ -C15150
-9198 5.%32 7.8 1376 50473 -015304
hgot 5.722 7-96 1286 S L015417
4797 %028 3.10 L1196 50696 015528
5597 £.35% A.21 L1105 50797 Q15637
%397 £.70 3.28 L1017 uib,5 50893 015746
196 7.08 2.32 0927 L15.5 50982 015854
<3996 T7.49 L0840 418.5 51067 015963
-3795 7.9% Rl ¥20.5 S11.7 +016071
23595 .53 D6TS Hw22.6 51223 ,0151580
L3394 8.99 8.05 bk 6 51255  .016290
.3193 9.61 7.88 26T 51363 L016k02
2992 10.33 767 428.9 5128 016515
2791 11.16 7.40 531.1 51685 016632
B39C 12.1% 7.10 533.4 51548 016752
2383 13.31 £.76 02Ty 2 435.8 J51607 L016876
2186 k77 £.36 oe20 2 438.5 51635 017007
.19%2 1R.62 5.93 0175 2 41,2 L5170 017180
778 19.09 5.85 0135 2 k.3 51750 .017293 I
1571 22.55 bg2 0100 2 47,7 51793 LDITEES 129.501
1360 27.8 . w.35 L0070 2.817 451.6 51833 .D17638
1139 37.13 . 3.71 L0046 2.81F ¢ 456.5 51868 .€17357
015 45.30 20. 2.358 0035 R.5160 459.7 51884 017
0945 51.35 21,7 ES LY 009 2. 461.6 51891 018076
0AT1 50,10  23.b 2.90 ook 2. L6h .0 51898 618179
0835 5077 £5.01 .3 2.79 0021 L6s5.2 51901 018230
0791 .5099 T1.58 25.57 2.66 0019 L66.7 .51503 O
(3N L5151 76.07 26,40 2.58 0017 567.8 51905 516338
o727 5088 fe.54 27.6 RS 0015 L69.2 51906 418398
0696 JSubk 58.27  28.7 2.37 001k 470.5 51906 orehse
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TABIE X,- VALUES OF 7 FUNCTION_AND RELATED QUANTITIES FOR_BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH SO THAT V7:O=l.0; Ug = -0.06, Zi = VinO‘s, Br = 900 -
Continued

- 1.30, 7; = -5.707", ey = 0.6937

- Y _ - 3
e Jeg - % g g sec ? Nt
ki
5.707 0.0001 3 o 5.500
5,296 000 1.3 001654 000
5,830 SO0 23.7 003458 -001
4,103 0110 33.3 005556 LO05
3,776 0264 2.1 006850 015
3.355 Heyst) £3.0 00754 .039
2.85 205 TE.9 009132 .11
2.52% 371 8.5 009796 202
2.213 .610 9.5 010356 33
1.847 1.008 104 .6 010930 W561
1.2l 1.615 1170 011387 927
1,141 2.06 26.3 011792 1.219
.27 2.39 133.7 011991 1.459
T2 2.63 140, 012132 1.656
N 2.80 .2 012236 1.818
R 2.90 151.9 012313 1.949
L1689 2.96 157.5 012371 2,051
27 2.97 163.0 012414 2.134
L3154 2.9% 168.€ 012kbs 2.154
127 BEY 2.90 171 032465 2.233
3 JOt9 2.8 19.8 012473 2.261
033 011 2.75 185.7 012485 2,275
008 008 266 1.7 012488 2,280
i) GO0 2.5 198.0 012438 2.280
2.7 206,53 012488 2.283
2,38 F11.3 012691 2,290
2.31 218.2 012500 2.308
2.25 2254 .012518 2,344
2.2 232.8 012547 2.508
381 it 2,81 240.2 012592 2.506
526 & 2.28 257,53 -OL2ESh 2.6AT
592 2.31 254.7 +012733 2.3
576 2.50 261.7 013830 3.10%
1.076 2.54 2684 .o12gk2 343k
1,287 14139 2,71 oTh.T 013067 3,852
1.506  1.39%6 2.92 280,5 013201 L.335
1.732 1.602 3.15 286.0 013362 5.921
1.961 1.810 3.1 251.0 013485 3.60k
2.193 2.0:20 3.69 295.6 013632 £.392
2.426 599 299.9 013778 1.269
2.662 .30 103.9 .013923 cl.gotz
2.599 () 307.8 014065 3.538
3.138 %.95 311.1 LD14205 10.TO%
3.380 5.27 k.3 018342 .
3.626 5.9 317.3 Q1447E
3.877 5,90 3e0.2 014607
k33 6.21 323.0 L0735
4,396 £.49 325.6 15850
L6668 £.76 328.1 L0156953
¥.950 7.00 130.5 015108
5,283 7.23 332,38 015223
5.551 7.4%2 135.0 015339
5.876 1.3 337.2 015455
6.220 7.2 3398 015363
6.59 7.82 3%1.5 013682
6.98 7.88 383.7 015795
7.61 7.91 385.8 015308
7.58 7.90 357.9 016021
8.39 7.85 350.0 1016135
8.96 T3 7.75 .1 ,016248
9,61 .81 I 356.3 016360
10,34 8.28 7.43 356.5 016481
11.19 8.80 T2 358.8 016601
12.19 9.36 593 612 016725
13,39 10.05 5.61 0268 2.588 3637 016851
.87 10.83 £.28 0718 2.9907 366.3 016987
16.75 1L.TH 5.94% 0173 2.5925 169.2 017128
19.24 12.8¢ 5.38 013k 2.9945 372.3 017280
22.7% .2y h.88 0099 2.9960 3757 OITULS
28.08 16.08 5.32 TG 2.9972 379.7 LO1TE31
37.45 1872 1.69 0088 2.9982 385.6 OLTE5
u5.69  20.65 3.33 0% 2 3518 017993
51.81 21.9- 3.13 0028 2 39,7 018077
80.58 23.6¢ 2.9 W002k  2.9951 392.2 018181
65.69 24,60 2.78 -0021  2.9990 393.% 018274
To.B4 25,8k 2.65 0018 2.999- 395.0 618302
T7.13 26.7 2.56 L0017 2.999- 396.1 01834€
B%.13 28,06 2.k 0015 2.95%% 397.7 .olg:g
82.59  23.15 2.33 0013 2.9990 398.9 Kot
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TABLE X.- VALUES OF Z FUNCTION AND REIATED QUANTITIES FOR_BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH SO THAT Vy=o=1.0; ug = -0,06, Zj = ViX10™ ", Br = 900 -

Continued _ o
(@) ¥y =2, 74 = -6.429°, e5 = 1.0000

7 ¥, = - = e
1614215 0.0000014 .18 0,000
0000124 5.5 000
.0n00384 5.193 Be ol
0001625 b.705 003
0002780 4.510 Reol
000k98Y 5.288 011
0015074 3-B31 032
00240 3.618 o5
00183 3.355 -0
005820 1% W12k
~007384 3-059 S350
LDIa&AY 2.550 .30%
p 2.429 jaH
03197 2.207  2.11F H5C
08175 1.979 1.897 B
05838 1451 1.582 1.2806
.07206 1.410 1.340 1.613
0R3L45 1.215 1.162 1.897
09293 1.050  1.004 2.1k
10078 507 T 2.%2
10719 78 T8 2.5z
11233 67 FF 2.8
11633 ES .538 2.9
11930 L472 Y 2.982
12135 387 -39 3.083
Ja2e57 £331 2% ED il
412305 L2u3 .231 3.238
.12288 .183 2173 3.201
g2k 130 123 3.331
1.0800 .12091 .085 .081 31.359
1.0600 211929 Rort) LONT 2.3m
1.0800 3737 .023 021 3.3%
1.0200 211583 O0E O0F 3.3%
1.0000 -11299 000 -000 3.390
.5300 L2207 006 JO0F, it8e  2.210% 173 012939 2,390
9600 210863 027 02k 2570 2.278 1774 012941 3.395
G400 LTS B0 .05 2370 2.318 12, 012045 2.407
9200 .1052% .11 .103 23183 2.3905 187, 012053 3.832
5000 210424 177 L1635 01 2.0hh77 102, JOI29EE ERY
.BROG .10390 2 .25 012087 3.
00 +10437 CES L3082 013017 3.6
.BLoO L10579 .388 RS LC130R0 3
8200 10830 30 587 033112 3.
.Booo 11203 1% 738 L013177 L.
.7800 £11707 W3ET 01325k k.
P00 12353 1155 013383 k.
700 13145 1.359 513882 5.330
+7200 14090 1.573 013545 5.871
7900 19187 1.796 01366k £.507%
AB00 013784 7.250
60 013907 8.104
FL00 014034 9.07%
6200 LOLRISL 10.181
H000 014280 11.422
-5800 01401
-5600 0185k
5400 01454,
25200 01479k
5000 018317
800 4,158 015039
500 §.h13 015159
5500 YATT 01527H
k200 3.951 L0153%:
000 5.235 289. L015514
+3800 5.53 291.6 .015630
L300 5.85 293.8 L015T4T
3400 §.18 2%.1 -O15873
3200 6.53 298.3 -015979
.2000 £.91 300.5 .01 096
22900 7.3 9.7 015214
3600 1.7 1%5.0 01333
L2500 8.2k 073 L0175
2200 8,78 9.7 16576
22000 .38 1123 01570
L1800 10.07 BURS 016837 113.222
1600 10.86 $17.5 015975 128129
+1500 .83 11.80 520.3 .017120 145.677
1206 A 12.93 323.5 017275 167.818
1000 .90 14.35 i27.0 L0174 195. %5
.0BOO .29 16.20 431.0 011933 231.78
L0600 7h 1B.87 %0 017808 2R4.31
0500 .07 20.82 139.2 038002 322.9]
.0k50 26 22.12 1.1 .018087 38,76
OO0 6 23.88 1b3.6 018184 383.681
0380 5105 3T 24,83 ible.g 018255 103,06
00 ~0783 .5150 33 .12 346.5 018315 429.17
L0350 o754 5220 27.05 W76 01836 7,95
.03u0 L0709 5433 28,58 k9. L0384 579.30
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TABLE X,- VALUES OF 72 FUNC’I‘ION_AND RELATED QUANTITIES FOR_BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH SO THAT V7=o=l.0; ug = -0,06, Zi = VinO"s, Br = 900 ~
Continued v

(e) \—fi = »\/‘5, Y4 = -7.6399, €y = 1,9867

N I l A LB Fy l < * =2 &y JFL
G 1= & r r
©.0000017 539 7.38% ©.000L 0058 0 ) ] L] 0.00G
0000435 533 6.31% -0ocak 288 02898 00358 00!
0005623 -503 5.319 0312 1034 05596 oo 2t 011
o387y 4575 .21 815 2707 08031 008" 067
oG 4.069 3.932 .52 230 09361 009599 16
C18ho4 :-653  3.330 1.0e2 =347 . 10654 00337 52y
ez 3.398 3.283 11130 QX753
03467 3210 3.101 11629 .011041
.ohgzz 2.933 2.833 .12368 011837
.07 2,560 2.472 13571 .OL191E
09751 2.297  2.217 . 15090 Q12223
756 0By z.015 1. 14665 o123k
13539 1.915 1.B46 I.4707 1. 151! 012615 2.507
.153kE 1S 1.700 14073 L. 15587 012754 2.8k0
1By 1.%52 1.3158 RS T I 36 013011 3.580
.2105 1.1% 115 121 1. -17283 1013191 i.,207
2293 984 203 L.55%2 1. 17981 -013324 BTk
1.4600 .2kay 77 o 1.29%1 2. 18631 013625 5.1%
1.1300 2% 630 603 1.2077 2. .19251 013502 5.6
1 .25k A BEY 11126 2, 19854 013560 5.860
1.3100 2553 L35 335 1.0139 2. 20451 033603 6.10¢
1.260C 2509 238 226 3. 21050 013634 B.27¢
1.1800  1.2400 o488 197 188 2. 21292 .013663 6.320
L1600 1.2200 2un2 160 152 2. .21536 013651 6.368
1.1%00  1.2000 2433 125 19 2. 21782 013657 .40
1.2200  1.1800 2401 0% 2. 122031 .01 6.531
1.3000  1.160¢ 2366 [ o6k 2. 22282 013665 645
1.0800  1.1ko0 .2328 0% 042 3. 013568 65,464
1.0600  1.1200 2288 026 oz 3 01366 £.47T
1.6500  1.1000 2248 o1= 011 3. 013670 £.580
1.0200  1.0800 2204 .003 003 3. 013571 6.480
1.0000  1.0600 2161 000 oco 3. 013671 6.58:
3800 1.0h0G 2118 o0 003 B8 3.25%2 12700 WDI36TL 6.
9600  1.020C 2073 013 513 L) 3.2985 150.3 013671 £
3500 1.0000 2034 031 .cas i 338 1327 C1¥T3 £
. 059 E) 3.3845 135.3 -OL3675 6.504
087 fi) 3.5261 158.0 013673 6.527
130 .30 3.4668 25336 013685 £.56¢
182 50 3.5065 25641 01360k 5.61%
P Y -3 31.5452 25950 013706 6.68¢
.321 2% 3.5828 26242 .013722 E.78E
o8 w1z 3.6192 LE65Th 013786 6.926
503 .00 3.5545 26887 ~Q137(0 7.083
622 b 3.689h 27158 -013804 7.303
70 i B 3.7210 27506 -0138%3 1.57C
891 4.80 3.75e2 . 27810 .013890 7.8%
1.0h5 LT3 3.7820 Tuse 28107 0135 8.2%
1.212 580 -2839% 014006 B.766
1.393 4.8y L2BETS 018075 9.328
1.585 483 285k 01152 990
1.7%%9 4,98 25200 L01h23% 10.762
2.00% 5.9 2044k .01k323 11.657
2.229 20 L0967 .01hEr7 12 .68
2.56k 33 .25893 014516 13.86%
2.70% n.&7 .30099 JO1kE1R 15.207
2.962 5.653 3091 .01b724 15,730
3.225 5.18 L30871 014833 18,450
3.498 4.0103 30650 018Gk
3.780 %.0230 -30797 ~C1505T
¥.073 k. 0345 .300hk 015171
%¥.377 4.0b51 31081 815287
4635 L.0548 .31205 015504
5.03 5.0635 .31329 .e15521
5-38 L5715 L3188
5-7% *.0787 131546
6.13 4,08 3368k
6.55 4.0910 31736
7.00 4.0962 .31822 58.957
7.48 &.100% -319 ~Ok0
8.01 k1051 31978 T 082
8.59 k.1088 3208 - 83.324
2.2k 4.3120 32115 016643 9b.025
9.97 h.1168 3277 015782
1c.82 ka3 32215 016926
11.80 &, 135% 32289 .C17072
12.99 B,1212 32319 L0172U2
14 .86 5.1237 .3238% .Q1r7H19
16.38 b.1240 32426 LOL7617
19.13 5.1250 .32863 017853
21.1k 4,125 J3eh7y 018001
22.43 4125 32486 018090
2k, 31 %.1259 32hok .018202
25.33 4, 1260 32495 018260
26. 7% §.1262 32499 018337
27.81 4, 1263 32500 018392
29,40 %106k 32501 .o18k70




TABLE X,- VALUES OF Z FUNC'I‘ION_AN'D RELATED QUANTITIES FOR_BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH SO THAT V B =1,0; Ug = -0.06, Zi = VinO_s, Br = 900 -
Concluded r=0

(£) V; = 2.0, 75 = -8.209°, ey = 2.9727

teg deg g 2c

2.0000  2.059% 7-971 ¢.000L o

1.990 2.058% 7.371 -0008 5.9

1.9380 2.057¢ £.72% .00B5 2.3

1.9960 2.0557 5.513 0808 2.3

1.9940 2.0535 4,877 293 30.6

1.9920 2.0515 k.5ho 5h3 33.9

1. 2.0UgH 4.317 36.1

1‘% 2,00k 3.95% K12 9.7

1.9800  2.03%% 3.72% 995 42.0

1.9700  2.0257 3.408 508 .

1.9500  2.019% 31.185 o7

1.3500  1.999% 2.86% 1.

1.9200 1 2.629 LK) 1,89

1.3000 1 2,441 R 2,25

1.8500 1 2.078 70 3.20:

1.8000 1 1.802 .88 4.011

1.7500 1 1,575 .50 4731

1.7000 1 1.8 1.378 26,66 5379

1.65C0 1 1.287 1.203 17.43 5.962

1.6000 1 L.o85 1.0 17.87 &.58

1.5500 1 936 501 o 6.95

1.5000 1 799 768 zr.92 7.364

1.4500 1 871 545 7.724

1.%000 1 553 .530 8.03'

1.3500 1 k&b RE 8.2%

1.3000 1 3% .328 8.501

1.2500 1 252 .2ko B.6T

1.2006 1 in 163 8,734

1.1500 1 303 .098 6.885

1.1000 1 049 -Oh6 g.ga;

1.050 1 013 012 8.g9h

1.0000 1 000 .00 8.4
,9800 1 .002 .o0e 8,94
5600 1 010 009 8.951
.5h00 023 .02l B.93:
9200 9800 . 062 033 8,96
7000 L9600 L2694 067 .063 B.961
8800 9800 .26k2 101 09k 9.007
8600 R i) 2593 12 133 3.045
k00 900 L2548 192 179 9.09%
8200 .8800 .2507 252 235 9.172
8000 BEoC L2471 22 300 .26
-7800 2452 ok .375 i 63 9.
L7600 2419 498 561 [ 9.
.T00 240k .60k 559 ii.2h 9.
.T200 2358 725 669 008 9.
700 2hoy 260 792 gk 10.
6800 241h 929 83 013201 10.652
B600 2439 1.0T2 /5 014245 11.084
BBOC 24Th 1.2%2 &8 014235 11.59%
200 .2523 1.420 =6 014352 12.207
6000 1258k 1.611 £3 L013615 12,920
5800 2659 1.816 014584 13.752
3600 277 2.035 013560 .77
5500 .2850 2.267 01h64 15.832
5200 5 2.513 014727 17.113
L5000 3097 2.77t o14817 B.580
.Lgco . .32k} 3.043 E 176.2 014515 26.255
600 -3398 3.3209 99 173.0 .G1501% 22,161
K500 . 3568 3.629 o8 215.7 015118
8200 TG L3789 3.983 .17 118.4 .01522%
B000 4530 391 b.273 ©.25 81,1 .015335
3800 bagh kb2 b.62 £.32 LGI5HHT 32.70¢
3600 R 1351 k.99 £.39 015562 36.261
3400 L2997 b} 237 £.5L 01567 40.291
3200 S379 4785 5.79 647 015758 Lh BEY
Jooo .35 5005 622 &.47 015520 50.052
2800 3325 - 5224 6.70 £.k5 016084 55.967
2600 23194 .5%37 7.21 i ho 016171 62.732
2500 2995 5640 7.7 .32 016300 70. 50
2200 279 56829 8.37 .20 015435 79.h9
2000 2550 5997 3. [N 016571 B3.560
.1800 2385 6136 9.82 016714 102.270
1600 .20A £236 10.70 016863 116.925
1400 158 6283 .72 LOL701% 134 .61
1200 1777 6261 12.9% 017187 156.520
1000 6145 1h.45 L017368 184,356
0800 L1357 »5%06 8643 k.08 L0175T2 221 .47
0600 L1134 -5511 19.2% 3.54 ~017815 275.54
0500 L1007 5263 21.30 .22 017966 315.76
L0450 .09k L5145 22.67 3.03 .018058 343.03
0400 0854 L5077 24,56 2.81 L01817% 280,75
0380 0813 -500h 25.61 2.0 038235 ho2.13
0360 .a768 5193 27.11 018317 2.5
0350 0732 5339 28.31 -018379 h57.61
o3k 0655 25575 29.68 .018bLé L86.17
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TABLE XI.- VALUES OF 7 FUNCTION_AND RELATED QUANTITTES FOR BALLISTIC ENIRY INTO
ATMOSPHERE OF EARTH S0 THAT V,_,=1.0; Ta = 0.06, Zi = ViX107%, fr = 900

(a) ¥y =1.10, 73 = =3.532°, e5 = 0.2185

- T
leg [
3,73 6,000
3.589 L 00¢:
3.219 g
2,912 .con
2.283 . 014
1,860
1.735
151s
1372
1178
-9%63
LS
b
L 35% L3358 .o100uz
2h2 L35 011030
LIETS .01108 LB
. 38837 .011118 <BES
Jkere o3 SBTE
Jk2123 o1k (6T
L5TTBO QLA LETG
ats) B5hS? \0111573
Lou2 BT 01115
By %8 011204
. 380 .53680 011383
JEBY LSERRY L01157%
.G2B 53690 (011857
JEOhS! 012163
1832
62018
-B3T31
4506
65102
A5508
“gehzs
-E5T60
-67058
67387
7570
-BT792
51996
b, 556 +ARL85
4, 788 £8380
-4 s
5. B
5,548 68819
5. 6828 68955
£,126 E9085
L] ~£9207
£.189 -69320
7.162 -EO3T
737 ~EIU5 01629
8.2 ~EESQ J01RBIL
8.52 Rie
9,08 63850
5.72 G
10, ¥ To0k2
11.33 LT135
12,38 <0229
13.65 -T0323
15,28 ~Tok1T
17.3 70513
20,23 L7014
P oo
30.85 .
41,86 STTE fotizyd
50. 32 060 019234
5153 7159 0195
68,27 -11219 -01981E €
5. 78 .T129% .02009% 216k, 7
79.00 71336 020234 26308
82.% 3BE 2 2830.1
85.82 L Q2063 3789
8 12 021057 5097.5
89.95 SO2LB55 3740.9




TABLE XI.- VALUES OF Z TFUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

—

ATMOSPHERE OF EARTH SO THAT V,_o=1.0; Ta = 0.06, Zi = Vix107®, Br = 900 -

Continued (b) vi = 1.20, 74 = _L;.877O, e; = 0.4466

b 7 z N = = TEE
¥ sec T G ¥
5000 11455 3. 000001 o o 5, 000
1.7005 1,107 . DOODOBY 18.2 L2656 LOR15T oo
1010 1.1811 000063 9.4 O5TE9 . 008409 oo
0131 1,18161 L CO0RBL- 64,3 .09401 . O0BESS o2
L0100 1,181 001533 80.9 L11867 - 00196 .638
000 1,1301 L0033 93.8 13740 .00B&1£6 .
1,138 00622 1054 L 15LLB . 009506 L1256
1.1350 . 00588 115.4 . 16898 010022 248
1.1300 01510 125.8 L 18425 LO10698 .381
1.1200 02363 139.3 20374 011005 601
1.1100 .03053 158,53 21753 011259 783
1.1000 L0362k 156.7 .22B6G L013L9% 937
1.0900 04101 163.6 ,2383 L 011646 L.070
1.0800 . Ol4ng 169.7 .2Lgs8 L0115 1,186
1,0700 . 04B30 175.5 PEUYE 011848 1.282
1.06C0 .05101 180.9 26246 L011918 L. 36
1.0500 .05320 186.2 L6962 011975 Lb38
1.0400 L 05h92 191.3 27652 .612820 198
1.0200 .0572€ 20L.3 28983 012085 1.588
1.0000 05810 211,& . 30280 .01212% 1,655
9800 . 0SBOS 21,3 LR57C .Gazldh 1.675
9600 L5733 231.€ 30873 ~012152 L.686
900 . 05627 2k, PECE U BNt LS ] 1.668
~9200 L05520 253.6 +39553 -D1215% L.690
G000 .05452 265.3 36937 .012163 §.706
B8o0 . OS4ER BT 38332 .012189 (1Y
B600 L5598 283.4 39715 012240 .85
.Bhoo L0586 301.5% 41051 012322 1,965
.8z00 L06393 313.0 52308 2012437 2,180
.Boco .G7119 23.8 A3k57 012582 2.483
7800 08091 333.7 AbB2 012750 2,890
7600 09316 w2 55382 012934 3.508
L TH00 L0794 350.4 RAISTS .013125 , OUB
800 7200 .12518 337.5 JasBiz 013318 «.B15
£00 . 7000 . 1hbE0 363.7 JBTH29 .013506 5.716
400 L6801 L 16668 363.3 Eacd L013694 A.T5T
200 LB6CL .19071 378.3 hA388 .01387‘4 T.94
000 BLOL 2168 3188 k8782 .orkota 3.291
6201 2548 383.0 L9132 018215 1,800
6001 L2ThE 386.58 Jokss 014376 L2483
L5801 L3062 3904 g7l 01531 L4354
5601 +339u 3937 49980 .01k681 5. h28
5801 L3Th3 396.8 50212 .01h826 1.1
80C 5eqe L4106 3.7 50624 014967 1.239
£00 5002 4584 koz,s B 015103 8,022
400 .hace 4876 052 .015237 7.090
200 uEoR 5282 407.8 9 4015368 3,473
4000 as0e L5701 5105 51ip6  .015H9E 4,206
1800 4203 L6133 4128 51273 .015623
4600 3003 579 k5.3 12 015748
400 . 3803 JTO3T k17.7 5.543 015372
4200 ' LT509 420.0 .51668 L01%59%6
L4000 L Juou is w22 % 51787 016120
. 800 oo L Bugl B2 .8 51900 016244 062
W00 . 3005 L9011 427.3 52010 .016370
SBOD 2806 JO5kS 429.7 52115 LOLEHOT 18
200 L360E 1.0099 432.3 52217 K & 6T
000 L2u07 1.0678 434.3 52316 016761 196,779
.
800 2208 1.1287 ¥37.7 J5241% 016899 100,929
~600 L2009 1,193u Lo 52509 017084 15101
L H00 L1B11 1.2633 3.8 52604 017196 inT,
..'200 1613 1.3402 4u7.2 52699 017358 182,755
L00e (1815 1.4275 451.0 D279k 01753 214,12
. 1800 L1219 1,530 455.3 52891 DVTT2S .08
1600 oot 1.6591 L60.2 52992 SOUTHG o8
1400 L0832 1.839 B66 53099 018208 ki3
200 JOELS 2.0956 7.0 53217 018328 3.90
-ooo L0570 2.5632 BB.8 +33355 018955 8.95
me .0 2,9708 ¥92.3 33T 019236 25
0316 3.6517 502.4 23535 013553 63
TS50 .00 5,1757 309.2 33596 019817 27
JT00 @z 5. 00T 518.4 36T 020095 .0
. ¥Bo .25 5.5120 523.% 53712 020234 &
. EED @07 £,2285 529.5 53762 020403 3
L) .0183 7.4237 539.6 53836 0206 9
LOER0 (01T 10.53%69 560.E 5399 021057 5
610 .01l \7.7733 595.2 Shayt 021655 4]
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TABLE XI.- VALUES OF 7Z FUNCTIOE AND RELATED QUANTITIES EQR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH SO THAT V7=o=l.0, ﬁa = 0.06, Z; = VinO-s, Br = 900 -
Continued

() V3 = 1.30, 71 = -5.763°, ey = 0.6938

5.887 5.5
5.155 5.9
5.3 b2
5.725 B.B
6,030 (55548
£.35 Ta54
£.70 8.0
1.06 2
7.4

3 7.5 9.8

> 365.2 BESE

5 368.3 L6755
5.09 in.s
469 318
i k.25 378.8
L1800 5194 378 2.3 31
L1600 1LBS17 fX 2.3 3882
a0 8293 2,12 2,394 394.2
1200 . 2.18 2.35 0.9
10000 .S65T 1.702 L0005 2.35b 4127
L .osoo S LI 1,507 .oopy  2.358 k20,2
.080c L0316 BB 1.362 Jgooe 2.358% 530.3
o750 L0280 LTI 3.308 o002 2 %37.1
.o7o0 L0257 L0091 1.258 L0001 2. kg3
. 0650 L0223 L5136 1.232 . 0001 51,2
L0660 L 2257 1,237 L0001 L57.7
L OE4T L0183 Lu287 1.168 . 000L L67.5
LORZO D167 L53TH 1,106 + 0000 483.6
10010 T 1,058 0000 527.3
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TABLE XI.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH SO THAT V,-0=1.0; Ty = 0.06, Z; = V;x107®, Br = 900 -

Continued _ o
(a) Vy =~2, y; = -6.189°, e; = 1.0000

= = - - - - - - < 28
v = deg 4 e q s T
e, 00 o
LU0 o1 002593
=5 Lok . CO3B6L
- L L oOShTe
Jon e . 00ECTD
N N3 +GOET1Y
Lo Ro L 007950
' 22123 - - LOBLBE
: U8 Lo . €090
21728 W13 LOUghSy
L3 3 009720
67 .20 LO10kTh
295 2 ©10881
i 1 011308
1 QL1675
2.61 012066
3.18 012318
3.62 - 012500
3.98 LU12638
i .24 LOLETHT
1. b, Lb .C12833
L 4,58 . 017506
1. 4,67 012064
i 470 i 01302

.»-_»
383

&

%

. 26 L1389
. » 013156
‘ ¥ L013159
. 8t . 13160
. 65 . 01330
50 1.8 L27R58 L013160
% 1.5 . 13162
22 1% ot . 013166
10 1.5 R LCLuTY
o0 am LG13191
g0 2,00 + .
a7 2016 HEN .
85 2k s .
L85 2018 0 217, LPeTR 01337
8 2,21 223 L33ke Lodem
Lok
20
*®
55
5 LG14112
.97 Rovty
4.20 .01 38R
4,4 L 014528
LS
4,93
5,16
5038
559
5.78
.G
o8
18
a5
20559 e L 016154
2.5638 LT 016288
2.5676 " Lc16k2s
2.5709 i L 01656
2.5738 - 016706
2.5763 ot L016853
2.5784 i 017005
£.55 BN 017166
2.5818 -017336
2,5830 o 017519
.O17721
L 017945
018213
o L 018535
toet L 028967
015243
. 029605
L0989
: . 20107
C €.2099 N ce041i
0183 74263 1€.59 85, L 020605
Q1T 10,5311 1.7 8, 21067
.51 L0110 17.3256 16,38 69, 1635
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TABLE XT.- VALUES OF 7 FUNCTION AND RELATED QUANTITTES FOR BATLLISTIC ENTRY INTO
ATMOSPHERE OF EARTH SO THAT V7=o=l.0; Ug = 0.06, Zy = VinO—a, Br = 900 -
Continued

(e) Vi =3, 7y = =7.701°, e; = 1.9865

10k

5 b . - % % - = e -
v : 2 de dng % 1 8 sec - 2
1.73205 0, 0O00OLT T 1.9 3 0.0
1.7310 . 0000k 3 5,603 6.Bbo 13.7 .
1.7300 0005938 5,565 5. 765 26.6
1. 780 L C0B3TS . 6Lk i 780 3.5
1.7250 . 010932 4108 k251 54,8
1. 7200 L2130 .68 3,821 50,0
17350 03097 3.432 3.551 333 .
1, 7100 claog 3204 3,362 55.6 .
1. 7000 e57C3 2,968  3.076 59.2 1.
1.6800 08713 2,596 2,692 65,0 1.
1.6600 11351 2.3 219 £1.5 2.
1, 6500 13706 2124 2206 70.3 2
1.5200 15810 Lghy 2,024 T2.8 2.
1, 6000 L1773 LT9T 1.B67 759 3
1.5500 L2170 L83 1,543 74,7 .
1, 5000 2477 128 1.279 83.8 &,
1, 4500 2707 1011 L.05% 87.7 5.
1. %600 2569 .820 851 ik &,
1.3500 .2973 .651 681 95.1 6.
1. 3000 . 3026 LB9% .52k 9.9 &,
1.2500 3030 L35 .38k 12,8 7.
1.2000 2955 .28 L261 106.9 T
1.1800 L297L L2086 LT 108,6 7.553
1.1600 L2942 L167 176 116, 3 7.605
1.1400 2909 i3 139 112.1 7.854
1.1200 K -05% L1065 114, 0 7.690
1. 1000 .2 Lo7L 075 315.% 7. 716
1.0800 . 0200 L2785 i -850 7.9 1.735
1.0600 . 0000 27137 =2 N~ 120,0 T 75T
LOWO 9800 288 .03 .013 122.1 T 758
LS L0 L2637 Lo 003 12k 4 7,757
1, 0000 . 9B00 2586 000 e 126.7 T.T57
- 9800 <9200 253k .003 Q0 5. 57 -3960  2.7592 29,1 013870 1.757
L9600 L9000 2083 - =t .29 3708 2.7950 13T LOL3BTC T.FC
. 9u00 . 8800 2434 L0313 0% [N 3668 2.8300 1343 813878 1.7
. 200 .Bece .2388 062 ¢33 5.8 .32k 2,86k2 1371 L1387 7.
. 5000 N 234 100 s s 5.52 L3006 2.8975 140.0 LO01387% 7.81%
. 880¢ 8200 .2308 L1489 L1660 5.29 %31 01388€ 7.804
L8600 . Booo .2277 .21 L22T 5.08 .2 01386 7.9hk
L8500 2254 . 286 . 308 .90 149.5 013911 B.050
8200 . 2250 3T L bon LT3 152.9 013931 8.195
. 5000 2237 RY 51T 459 156.% 013957 B.387
7800 22hE 597 LT 4,48 160.D 013989 8.632
.T600 2269 .733 LT 439 163.7 . 015030 8.9
. ThOO 2308 B85 .963 5,33 167.5 o147 3.3
TR 2365 1.053 1.159 “29 17,3 014136 9.8
7000 2hl 1.238 1. 35k .28 i75.1 oLk20e 10,80
L6800 2537 1,438 1.577 4,30 179.0 owk2r? 11,
L6600 56 1.652 1.817 4,35 182.8 01k361 12,
L 6uo0 1.880 2,075 481 186.5 01853 13.
L6200 2063 2.121 2. 34 4.50 1902 0LL552 1%,
L5000 3155 2.3 2 633 .60 193.8 0LLB5Y 15.
. 5800 L3371 2.638 2.943 4T 18754 LOLETTO iT.
- 5600 L3615 2,913 3.262 4,84 200.8 . DLL8BT 19,
- oo . 3885 LR 3.597 497 204, 2 . 015007 21
. 5200 5182 3452 3,957 .11 207.% L 015131 2u,
- 5000 8507 3.797 4,314 5.2 210.7 .OL525T 2T
800 L8595 b113 W700 5.36 LOTBE 3.3363 213.8 01538
U600 L5298 LBk 5,105 5.7 L85 33k 216.9 L 015517
5400 o 5646 5,780 5.533 557 L6230 33516 219.9 015650
. k200 LE0B3 5.133 5.987 5. 68 L0563 3.13580 222.8 Q1STEY
. booo 6568 5.503  6.412 .69 L0508 LEIT 225.8 o15ge1
-3 - 7Oh3 5.89 5.9 5.TL LoLb8 3 3688 228.7 06059
- 3600 T30 €.30 T.56 .69 L9393 3.3733 23L.6 016194
RELT ) .8izy E.T4 8.17 5.6b .03l 3.3773 23,5 53k
. 3200 JB72% 7.20 8.86 5.55 .92 3. 3807 237.5 L OLELET
L3000 L9359 .70 9.62 2.2 L02% 3,383 240.6 L 016637
L2300 1.0039 8,24 10,48 - .020%  3.3B63 2437 [ty
L2600 1.0773 8,84 11,57 .02 L0165 3, 3885 257.0 016957
.2400 11572 9.5 12,64 T L0130 33904 250.5 7121
L2200 1,2558 10,24 1h. ol 42 L0100 3. 3920 258,22 . OLT2%%
L2000 1. 367 1109 15.77 L, 05 .007%  3.3933 258.2 LCEThGL
L1800 T 4638 12,08 17.99 63 33953 262.7 LOLTTR
L1600 1,6084 1325 20,9 RS 33951 7.3 L7937
, 1500 17992 Lis 68 25.19 .68 3.3957 273 018210
1200 2.079% L 366 2.18 3,361 o8Lg . 01B5h2
1000 25629 s2.49 1.7 3.3%65 252.7 . OLAGTT
. 0500 2,9745 50. 75 1,517 3.3966 300.2 . 019260 .
L0800 3.6465 61,73 1.3¥9 3. 3967 310.2 LIOTT LCU96LT 1367. k4
. o730 81795 £8. 37 1,313 3387 317.0 L36137 L DI984D 5780
. OTOG 5. 0004 75. 81 1.261 3. 3968 3262 L3621k 020118 2146.9
L0680 5.5132 79.02 1.237 .O000L 3. 3968 33L1 . 020257 %y
L0660 £.2289 82.36 1,208 L0001 3, 3968 337.6 L OR04E5 2831.3
. 06kD T.ou23l 85.82 1,168 L0001, 3968 34T.3 L 020655 379, €
. 0620 10,5302 89,12 1,105 L0000 3, 3965 368.5 o107 5095, 3
. 0610 17, 326% 89.99 1,029 L0000 32,3969 405.0 . 0R1ELE as21.2




TABLE XI.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF EARTH SO THAT V7=o=l.0; Ty = 0.06, 25 = V4x107%, Br = 900 -
Concluded _ o

(£f) Vv, =2.0, y; = -8.2717, e; = 2.9722

1 1
_ . . x - - ” —
v = Loy deg 1 ® . - -—ﬁi ey

8=
oowg

011390

P
'

[P

.2h30
L DL2EL6
. 013020
13T
013459

428 &

s
o]

3%
3

L1360k
013721
L0137
013897
013963

-
@
&
S

L ORI
LCINES
Naterd
N tsEr)
014155

Lo16172
L0k1BY
.01519C
218193
o18133

. 014193
. 018193
.C1519%
LO1h1gs
Ruthl s

L0120
. %207
Rot gk
5006
Hat-0

L 018255
L O32AE
LC1431%
01367
o13Bg

o

L013L38
L 01hgh 357
Ryt 1h, O
LO1BE31 15,70
L OLT 16,87

83
E

e
@
vl
S5

=
B

L. 1201
41330
LIS LS i
4, 1558 [N
41657 1%

T .OLET9

L0565

Rotyt

L2200 .ie1d 1.209C
L2000 L 14n 1,324
80 120 1.5338
L1600 Rl 1.9832
koo L0834 17797
.1200 L 0fkd 2, 0664
L1000 LOMTH 2.5559
.PO0 O3 2,971
. 0Boo 031 16445
< O750 - b.1778
L0700 Lo 5, 0076 2146,1
L DEBC - 5.551% 1238 RN
L OEEC . 6,2268 £.208 2830,k
LOEED OB T.k2li 3786
.0E20 LoBh 10, 5289 : L2385 : . S9B.6
L0E1O .01 17, 32546 SHOC 8,235 <73 LA 2 8520, 3
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TABLE XII.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF MARS; V; = 1,00, Ty = -0.07, Z; = V{x10"%, Br = 200
(a) 71 = -5°, e1 = 0,0872

(B0FB 050181 w3

.B20e7 051197 3%
£ . 05203 J4AB
Ll

71812 058887 1,842

72798 .059THO 2,185

W18
Eatvi}

Ll

Iy

3
RE2E

= aDig e
N
&

Monw e

GESNE 2935
EFBRE

i
&5

S2BRB
>

o
S

FOVI® WHNNN OBe o
WD NHAOR M

a ‘
338

e
BE
g

8
oy

SGovw

P ]

JSRERS

e

3
fEREE
BRIR

-073142

4

073576
Lorhe3
_ 07488
.o7k9T2
. 075482

.oTécey
.CTEECE
077248
LOTTITT
. 078856

3
b3
B
5%

=R
(233

106



TABIE XII,- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF MARS; Vi = 1.00, Ty = -0.07, Zi = V4X10~8, fr = 200 - Continued

O
(b) 7y = <107, eg = 0.1736

R

3

12,852
13,833
15,855
15.919

18,15

18,23

20,53

2.1

28,27

27.20 Sk L0107 9981 1099, 5

29,22 45 9989 117.625
30,48 EN 9993 123.678
31.98 -1 9958 130,985
33.89 9 1.0002 160,333
36,58 43 1.0007 153.725
k2,11 16 1,004 182,618

107



TABIE XTT.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF MARS; Vi = 1.00, Uy = -0,07, Zi = V4X107¢, Br = 200 - Continued

(c) 74 = -15°, ey = 0.2588

s : e | = | 7%

11502 631016 Loor
16591 . Oblis12 L10%
J1%e26 L G51720 L
20339 L0510 .71

2021 LO5%ER
ok 055804

SO5TTEL
058490
- 059733
-0615T1
.062922
+ 065000
064901

RO NI

LE REdG

Bmd HHB

L0736
1.2101 17.88 073701
31,2271 18,16
1.281% 18,46
1.25% 18
1.p8z0 Nt

1.2673

skt

e el

TTELL 289k
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TABLE XII.- VALUES OF _Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF MARS; V; = 1,00, U, = -0.07, Z; = V;X107%, pr = 200 - Concluded

(d) 74 = -20°, eqy = 0.3420

a
- y n .
aEEERERE =
1,0000  1,0660 1, 00000LL 0,000 18,713 0, 0000 0,000
1.0018 1, . 0000015 20.000  1B,714 0000 . 000
1.0080 1,068: . oooooe2 3,999 18,714 . 0000 . 000
1.0030  1.0691 . 0000033 3.797  1B.7ik L0001 .00
1.0050 1.07ii . OORR0TS 5.982  18.712 L0001 .00
1.0100 11,0763 . 000585 9.968  18.69° L0010 .00
1,0150  1,0811 L 0004933 15.927  1B.66% 0080 oa7
1.00187  3,08597 . 009966 5.8u7  1B.59: V346 .138
1.0150 1,0811 . Ok570 9,818 18,55 JT4 637
1,0100 ,0761 Lo7107 19,813 18.540 1.152 2995
1.005C 1,071l 94T 14,836 1B.ShT 1.530 1.334
1.0000  1.0661 11768 19,802 18,547 1.832 1,665
19950 1.0611 14004 19.830  1B.54% 2.24 1.990
9900 1.0661 .16200 2.5 2.31%
L9800 1.0W61 2050 3. 2,953
5600 , 2884 L, 249
.5H00 3630 5. 5.552
3200 w73 &, 6.876
~%000 3233 7. 8.223
8800 8, 9.598
.8600 9 11,002
8400 . 17,437
8200 13.305
.8000 15,409
. 7800 16.950
7600 18,531
7506 20,155
7200 21.823
7000 23.539
6800 25,305
6600 27,125
L6500 29. 001
6200 30,939
L8000 32,941
L5800 35,004
5600 37,161
5800 .
5200 K170k
5000 b, 11k
h8oo 1. Lg. 625
4600 L. 9. 248
- 1hoo 1.8 51.993
4200 L 54.871
.koco L6 57.897
3800 bt 1 £1.088
3600 L 42kE 1 €4, 562
3400 a0l 1 68,081
oo L 3%h2 i 71.852
(3000 L3640 L 75,930
L2800 L3438 i 80.313
2600 -R35 i 85,053
2400 303 i 90,215
2200 2827 B 95.884
2000 L2622 i 109,168
.1800 L2815 1, 390k 109.239
. 1600 .2207 1.3273 117.319
100 1995 12551 22€.780
L1200 2777 11732 138.263
L1000 1549 1.0823 253,065
. 0900 L1628 1038 162,606
.0B50 L1368 1.01132 168,263
0800 L1296 2887 174,788
. 0750 1224 9683 182,585
- 0700 L1143 -9327 192,475
N LT e %= 210,60
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TABLE XTTI.- VALUES OF 2 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHFRE OF MARS; V5 = 1.00, Ty = 0.07, Zi = V4X10™°%, fr = 200
(a) 7y = -5°, e;= 0.0872

L6 OISR

051681
» 052631 327
053451 ek
LOoTTL

L 056701

83

LOTiUSY

s e

LUyl

L OTRE2h
-T75359
073912

078511
LOTTIEL
077818
- 078557
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TABLE XIII.- VALUES OF Z FUNCTION AND REIATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF MARS; V; = 1,00, U, = 0.07, Z; = V3X10"°, Br = 200 - Continued

(b) 74 = -10%, e; = 0.1736

= = - - 3. - _ -

v A " deg . -y ] sec
1.0000  0,9311 10, 748 -
i 10, 7h 8, &
1. 10,761 ag
? 10, 7% 7.

10,70 123,

10, 665 248,

10,57

18,430

10,32

10,30

10,59

10,28
7C1.5
710.8
el
LT
7763
73h.9
T

10y 11,58 LAERTO L0E9T 16,
LT L)
11.88 L BOEQL
7170 2,00 . 50889
355 12.25 .41086
-3935 12,05 L 41266
-0305 2,07 A5T L4RYE
L0E5T 12,90
.ite0
1306

59,1
IS
1055 & Touiv
21.25 Tt
23,83
L7

27,24 k]
30.41 RSN
4,56 L ah79d
50, 47 n5aed
5266

LA55HT g
5892

ko9 LOBTE A

(i) L OBBE.

5184 OB

9.8 .00k

15,5 L 096¢ i
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TABLE XIII.- VALUES OF _7Z FUNCTION AND RELATED QUA_NTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF MARS; Vi = 1.00, ug = 0.07, Zi Vix10-€, PBr = 200 - Continued

() 7y = -15° 0.2588

1l

1

3 - - 3 a8 —z
z e 1 < sec T very
3, DOO0O1 & 0. 00G% o e 2,600
< 000001 . 0000 16,4 . 0048 . 002003 000
- 00000:.! 0000 33.C LOLAB 004013 .000
. 000003 « OO0 5.k 50, 006028 . 000
. 0000075 -0ocL 82,7 L03762 L0U . 500
- 0000565 . 0007 1664 oT5%  .@20333 . 001
. 000k93T L0062 253.¢ 11572 030935
L 00971 L1224 37h.1 )
-ob43s .535 4365 20075 os 3524
06913 .8so 455.3 ~20530 .
05230 1,142 7.5 2155 0571:6
11487 1,510 476.€ 2191 058268
L13652 1.86% LBk, 2 .22257 059145
. 15800 1.921 490, & .2o5k6 o
. 2001 2,41 5010 L2305 061134
.2B20 L3 516.9 L23m1 062952
L3615 bk 528,8 24225 065299
L4390 4,90 538.5 L2H637 065377
5147 5.61 56,8 . oug2
, 5886 £.24 554, 3 25281 067066
- 6608 6.83 560.8 25555 0ETT60
L7314 T.35 567.1 25782 068385
8003 7.82 572.8 25999 068955
8675 8.23 578.2 26138 65u82
<3331 8.59 583.4 26384 069973
. 9%9 8,90 588, 4 L 26558 o70433
1, 0590 9.16 593.1 Ry QTOBES
.1193 9.3% 597.7 268717 3
L1TTR 9.52 602.4 L2706 LOTIET
L 2T 9.6k 606.8 L2683 Lo7R05Y
12806 %.71 B1L5 + 27304 .
13536 .73 €15.9 L2736 .oT278
1,3937 QTL 620, 4 . 27564 o731a7
£, bueg 5.65 6248 . 27683 LOT3hEY
1,400 9.55 £29.5 .27BLD Lo7ITs
L5352 g.42 6343 27925 L0419
1.5782 9.24 £38.6 .28045 L 074L39
1.6192 9,03 6k L28160 L OTUTSE
1.6580 B. TS 648, 4 . 28273 .OT50TL
1,694T B.s2 6534 28385 -075384
17292 B.22 65B.6 28LoT |, 0756%8
1.7615 7.88 £64,0 08 L OT6013
17917 7.53 669.8 28719 . 076330
1.8196 7.15 675.7 2830 oTEEST
1.8455 6.75 82,2 .e8gla
1,8693 6.33 689, 0 - 29056 -977313
18013 5.8 696.3 - 29171 -O7T657
1918 5.45 7043 29288 ook
19310 .99 2.9 29409 073387
L. gRT k.53 2.5 .29533  .OTATC
1.9659 406 T33.2 20662 . OTL99
L9900 3.60 Ths.4 . 29798 . 07653
20157 3.1 79%.5 - 25553 . oBais2
2,050 2,70 T76.1 . 30097 oBOTIL
2,106 2.29 9.6 . 0867 LOBL36L
22,1841 1.912 8224 . 30457 JoBAkE
2.3273 1,592 856.7 - 30677 L08Rz
2,5575 1.1 905.1 L3004 . oBhhSL
3.1596 1,239 9810 3280 0863k
1. 7240 1.208 1041, 6 3151, 067691
4, 2075 1176 1086.3 T3 . oB858T
.t 5. 0681 1.1 1157.0 31917 . 089850
o750 L0257 8. ool 1.072 133.1 352 ,ogzhad
o720 L0168 8, 0426 1.003 1766.% 33928 . 096658
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TABLE XIII.,- VALUES OF _7Z FUNCTION AND RETATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF MARS; Vi = 1.00, ug = 0,07, Zi VinO's, Br = 200 - Concluded

i

©, &y = 0.3k
(a) 74 20°, e; = 0.3420
A -y
deg T
21,468
21,466
21,46
21,460
21,452
21,418
21,367 .00:
21,257 .a7E
21,202 K]
21,191 1.3
21,186 1,777
21,185 2.204
21,185 2.62¢
21,186 ER
21,391 3,68
21,209 5.560
2.2 7.261
a1,2% 899
£1.290 10.76:
2L 5
21,362
21.hce
21,45
21,492
7800 .65 21,50
L7690 165 21,60
7400 1,65 01,65
7200 10,65 21,72
L7o00 1566 21.78
.680C .66 21,85
.660C D66 2193
k00 13,66 22,01
L6200 1%.67 22,10
L6290 i 67 22,20
. 5800 19.68 2.3
5600 19.69 2.5 L 75k
. 5400 13.70 22,55 53
5200 19.71 22.69 57.114
L5000 15,73 22.85 60,69
L 4BCO 19,75 2302
U800 T 23.21
Liboo 15.80 23.52
200 14.83 £3.67
L4000 (.87 23.9%
. 24,26 LTI
L IEOQ 4,63 LT8G
L3400 25,09 . 07881k
3200 25.56 LO7TaTuY
. 3000 28,17 . OTOLBE 113,853
L2800 26,91 L 0798k 121,88
+2600 27.81 » OBGPTE 131.494
L PBOG 29,00 LOR063: 142,63
.2200 3a.52 W iilerd 155,827
L2000 32,56 N H 171.95:
.1800 he 35.40 L0813t 192451
.1600 39.55 . 08280 220.08
L1500 45,87 OB3EL 260,57
»1200 . 55.75 . oBuL 327,83
L1000 W05 3.273% 70,31 086514 2,93
. 0900 Ol 38108 78,8 L0878 538,75
L0850 o Ol 5.2813 B3.0€ . 0BBETL 712.32
. 0800 03 5,152 ar, e . O 911.15
o750 N 8,0176 83,75 Neix 1511.80
.0720 L 01f-2 8,ch28 89,98 . 09KEG0 1579.73
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TABIE XIV.- VALUES OF 7 FUNCTION AND RELATED QUANTIES FOR BALLISTIC ENTRY INTO
ATMOSPIERE OF MARS S0 THAT ¥,_ =1.0; Ty = -0.07, Zj = V3X10 €, Br = 200
(a) Vi =2, 75 = -13.580, ey = 1.0000

-a x = = t 25 5 —Z
we | T a 2 us = = YEY
12,945 0, 00C
11,622 011028 .00C
10,918 .0164E9 . 000
9.895 .823691 .001
9. 486 379 .003
§.020 a29301 . 005
8,061 035841 oS
T.606 037252 <=3
71,01 039952 oLl
€,706 [T 4] -058
£.438 oLaao2 LO73
5.611 L6150 144
5.113 043015 207
4,453 050204 321
3991 051575 L=
3327 05332k 600
2.838 054451 5%
e 055259 883
2,111 055873 3
1.821 . 056356
1,566 056742
1,337 057055
1,130 L UST3L
~943 057519
ST
621
LBl
L33
258
1.0800 1,15 164
1,0800  1,1300 .098
LO¥OO 1,110 ok5
1.0200  1.0500 011
10000 1,G700 B

L9800 1.0500
L9600 1.0300
LGh00 L
9200

5000
.8800 L64213
. 8600 L 65400
. 8400 L6657k
.8200 67727
.8000 68845
. 7800 69919 2,092
.T600 TG0 2,266
7hog LTa902 2,478
7200 . 72800 2.732
- TO00 -7%32 1032
L6800 Thit0D 3.382
. 6690 75105 3.785
-§500 ST5756 &, 266
L6200 LTE3ML 5. 763
-6000 - 76881 5. 357
« 5800 77375 £.015
. 5600 L7827 6,751
. 5400 -7Bk2 7.567
. 5200 8624 g.u72
. 5000 L TB9TS 9,472
. 79299

heoe T9599

. 5a00 TRTT

4200 Bol35

h0Oo BOITS

3Boo .Bos99
P ] . 8080y
. 3400 2 .81
» 3200 .56 8L
. 3000 T.71 L8131
2860 18.99 15.23 81523
L2600 20.k3 1618 81675
L2400 22,07 17.2% 812318
L2200 23.97 18.a5 .81953

b 26.22 19.51 . 82080
L1800 28,95  20.95 82198
L1600 32,35 22.65 82310

1400 36,76 2470 LBakly

1260 k2,81 2T 82511
L1000 5192  30.87 82599
. 0900 58,69 33.37 - L 118,505
. 0850 £3.10 25,95 .Bo660 123.197
. 0800 g2 3.9 Ry 133.719
0750 6. N .B2695 148 49
.ot20 82, 82103 161877
. 0700 88, 82706 T5.95%

2690 93. 82708 187, 750
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TABLE XIV.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF MARS SO THAT V,_ =1.0; Ty = -0.07, Z; = Vix107%, pr = 200 -

Continued _ o
(b) V3 =43, 73 =-16.006", e; = 1.9417

z =X 5 —Z
v : 2 e | = | e
1.73205 1799~ £, 0000027 15. 4kg o [ [V
1,798+ . 0000035 18,977 01286 . DO36LS
L7977 L 00000TD 14,511
1. 7960 . 0CO028L. 13.527
1. 7934 . 0002239 11.519
1. 7890 co32221 9.433
1,784 LOLOLTL 8.128
1,779+ LOL7862 7. b0k
1. 766" 03276 6.5
1, 7hgy L0597 5.5h7
17257 .o8zm8 4913
1. 7095 10343 PRy 89
1,685 .121B8 i, 043 1. 06k
1.669% 13845 3.79%% 1,220
1.61% .17295 3.031 1578
1.569% -19923 2.491 1870
1,5200 2187 2.037 2,133
1. b7 2326 1,643 2, W7
1K 2410 1.296 2.52h
1. 37t 2451 .989 2.667
1. 32C 4 T8 2771
1. 2.857
2,882
2,900
2.919
2.932
2,542
1304 2,949
.3 2,953
-7 2.955
.7 2.95%
2 2.956
.26 293 3.2575 72,9 - 50572 061347 2.55
318 Y997 3. X T26.2 L51LTR L 061345 2.957
502 ST1h 3L INTE Tho, 2 L 51796 L 061354 2,960
.91 LLbh  3,391% T54.5 L 52424 LO6LIEY 2.967
L 16%.3 53062 (061387 2.977
34,9 . 06101 2.99:
00,8 Ll 061451 3,01
1T, 4 . 061508 3,053
5346 - 061584 3.099
B3z, 1 . . 061E8L 3.161
B : 670, 061806 3. 24¢
“3 37983 8%, L 061959 33
2.27 631 3.730 207, [ Falh] 3. 465
2,26 LT £3 062359 3,619
2.2 L 0E2ELC 3.805
R4 . 06289¢ b,0as
2.29 LoE3ml L. 2gh
2.32 0E35ES L. 606
2.31 A 39%6 s.9m1
2.2 06k 355 5,395
064788 5.885
06524y £ 445
065TL: 7,081
06620 7.805
0EETY: 8,6zi
" 88 OET2L0 9. 5
@97 06T u
.05 0682 1L 755
112 OEBTTY 13,
119 69305 1k
.26 06984 16,175
.33 070387 18,457
3.35 07083 20,162
.38 o1 22, 5kz
3.39 07203% 25, 086
339 CTHC 28,087
3% LOTHTY 31,511
3.32 073760 35. 446
3.2 OTu373 40, 007
3,18 - 075000 45,352
o7 075657 51, 71¢
b 353 9.
L oFf 69,129
58 oT7955 B1,8u7
£ 54 100,112
20 079582 113,511
2,12 = 122,113
'.e2 080390 133.285
1,908 58 149,3CH
.812 oBLhk Y 168, 514
1,723 0B1953 182, 164
1.661 082k81 208, 7
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TABLE XIV.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
-0.07, Zi = V4x10™°, pr = 200 -

ATMOSPHERE OF MARS SO THAT ¥ _ =1.0; Tg

Concluded

116

2.0, 7

= -17.249°, e, =

2,880k

1
. - - 28 =&
; = . deg B v EY
16,674 1 0.00C
15, B0% L 00550 . 002001 .000
L0133 004005 . 000
Be-a - C0BORG . 000
L0100 012043 .000
» 05585 . CXE0TC . 000
LOTE 7 . 001
.11283 . co9B2h L0065
15108 . G3TTRO - 0eT
. 19568 L k5868 .125
L2187 . GHETAT .22
LBk, 05300 L 469
.23938 053892 678
J2TST 053161 BT
L2631 L G5TROT 38
S3105T L 058502 1.705
L33 LoSghaR 2,052
06013 2,364
0626973 2,843
61146 2.893
CBIS1T 31156
062824 L34
. 062077 2486
fe o= 3.633
. 05252 3.757
. 062E8 3.858
. DE2RBE
b 062755
i - 062807
9 + 062835
7 . 063Bh6
AL 5 062848
El . 062848
5 062845
[ LOEaBs2
.0E2857
. 062867
062881 4. ogh
. 062903 4,112
- E293% 4,137
- CETGTS 4,171
. 063029 L.216
L3097 L2718
Bo ki) L, g
€3289 L b2
L0636 4,556
LOE3568 L%
L 0EITHE 4,866
- CETGIC 5. 069
L 061183 5.3
DEUENE 5.5
L 0ENTIE 5.93%
L 065058 6.327
L 065407 T4
065781 7.311
. 066180 7.919
. CE6EC2 616
- 06704,
L DETS0L
06TIBE
. 06BuT2
b, 9567 . 068976
L0gh? 1,963 05993
5.9751 LEf QT0020
L€ L 070558
JE1386 -LTR106
L615h9 L OTi865
L6173 072237
61915 . ora8az
.62081 L073u23
.62235 - O7hokk
.62379 L OTH685
62512 L 0753s
LEX36 L OTECEY
L2151 076863
62856 LOITI6
62951 LOTBTTT
62955 079423
Rxat . 0798
63033 . 0BLRES
.63 L 080863
L6305 - oB1383
-63057 . GB1983




TABLE XV.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF MARS SO THAT Vy_o=1.0; Uy = 0,07, Zj = V4X107%, fr = 200

(a) V; =42, 75 = -13.725°, e; = 1.0000

=z = . - A 3 - = L A —
v r N i g 13 : N sec T % ar3r
1. Wk21h 0, 0000014 16,432 ] ©, oc
1, 41821 . 0000152 2,876 011917 . OC
141420 L DO00L5E 12,087 OLThzs oco
1. 41615 . D0OL94E 10,960 02467 o
1. 41810 0003334 10,510 02736 oC
1. 4140 2005986 9.997 - 03029 Lo
1.5135 . 0018159 B.gu3 . 035840
1.4130 002950 8,543 . 0382
1.4120 L 005C4T 7845 et
1.4110 .0eT929 7.5455 Oh2E:
1.4100 . 008522 7.180 oh3BY"
1.5050 017533 6.253 ohT21
1, 4000 02522 5.706 Q0.
1.3900 1, . 03883 4,981 051243
1.3800 1, 05080 4,473 052621
13600 1 .o7122 3,743 05438
1.3800 1. . 08810 3.203 L 05552
13200 1. . 10024 2,766 L0563
1.3000 1, 11407 2.397 L 05696 i
1. 12391 2,075 05745+ 1. 365
1. 13200 1.789 05784 1,477
i, 13853 1.533 ik 1.5T%
1 14366 1,300 L0583 1.660
1 14752 1,089 0586k LYH
0588z 1. 785
. 05896+ 1.8k
. 0550T 1.888
05926+ 1.920
05922 1,95
.96
1973
Lg%
1,981
1.961
1.967
1590
1.998
2,015
2,04k

!
yal

1,393 L1582 2,2167
L bkd (1522 2,248h

e o
1w e

e

P
YRR R

R3&BD

134,33
166,807
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TABLE XV,- VALUES OF Z FUNCTTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF MARS SO THAT Vy==1.0; Ty = 0.07, Zj = ViX10-%, Br = 200 -

Continued -
(b) Vy =43, 75 = = 1,9k06

= | T
o .00
- 0036h5 . 000
. CoTLE2 .00
013092 .000
L 028455 .00z
. 038181 L0239
DAELGE .
- CETION SiT2
- 050232 L 370
ki) -333
+ 055049 it
. 05t 1068
L057132 i.272
LO5TBAE 1,46
L 059135 1,900
. 05 2,770
- 060680 2.587
- 061175 2,85
LOBLESH .08
061842 3,265
- 062057 3.u07
2010 3.913
062256
- 062295
062306
L062350
LOB238
062781
L 062
-062394
. 062355
LOEZ396
062396
L 062398
oG2k0s
L 062
0Eak3B
L OBIETZ
062522
. 0B3590
062686
LOE2B0

2.6 58216 2 062965
2.0 . SRTT LOE3LE
99T 32 L0563,
1,988 LBOLTS L063663
1,587 s82. £1202 063980

2.0 . 064339
2,63 1064738
201 L 065175
2,12 L 0656
2.37 JOBALAT
2.23 LOESETS
210 LOETED
.37 L6788
2.8 L 06835
2,51 . 0659
58 - 120L, ¢ (67250 069561
2.6b R 12185 L6666 LOTOLTL
2,69 3271 1235, .6Bc1g  LGTO7EY
RS 3.2 175, LE8351 L O7TISLO
27 3,804 1068, 6B6EY . 072060
2,78 LoB3 320 £BEL L0779
2,77 L3S L 65242 073328
275 L0328 .o 9518 0T
272 LBl 3 66 LOTHEE3
2.66 L0237 L L70M2  .GT5357
2,58 L0196 3. 3h 70230 .O76075
2.l G159 3.%087 fok8z  oréeat
2.3 S0 N L7078 L OTTE0Y
2.z LoogT 3,312 » 70932 - 07845
2,08 L0073 R LTiI5 LOTYH!T
1857 B L LTIPL L0BO3B
LTe L0037 3.3157 <Ti61% L OBLLS2
- 1.5 L0024 3,355 LTIBEL L OBoTiZ
1.6 L5 LA L7213 L 0BL29E
128y L0008 3.3 JTRMEE .0BAAL
1227 0006 72604 .CBTEEB
115" 0005 72853 .0B3601
1.1k . 000k LT3058 . 0B85
7,9897 1.0 .ooce L7300 . o92516
8,0337 1,00 - 0001 .T5118 - O9ETEY
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TABLE XV.- VALUES OF Z TFUNCTION AND RELATED QUANTITIES FOR BAILISTIC ENTRY INTO
ATMOSPHERE OF MARS SO THAT V7=O:l.O; ug = 0,07, Zi = VinO'6, Br = 200 -
Concluded

(C) Vi = 2,0, 7y = _17‘3980’ ey = 52,8783

v 7 z - -0 *r
v “r = R deg -
1.932%
1.9%
153
1,920,
19207
1,92k
EI: AR L 01108 XG5 18,887 .oy
1.9168 L7853 LE23 13,080 ek
1.91L 4 003968 L9611, 30 L1335
11,9008 . 019858 1,016 9,347 Bt
LBy .03535 LOE3 8,360 a5
1,870 o722 =988 T.249 .83
1.B5u £,54%
1.83um £.006
1,7803 5.081
1,730 [ N
1.68: 3.835
163+ LEEE 3,360 7.8h
1,580 816 2,961 7.8
1,531 Lust 2,563 A.08
1,485 .17 2.7 A6
1.83 L8090 1.807 3,12
1,38 525 2573 .98
133 L4333 .257 (. Th
1.28c0 WB33 LO31 RS
1,2360 Jhzgn L7810 7.06
1,18 5218 -577 GLER

§f Jmke 31608 161
253 L1416 3.2549 30,0
a2 LB53 0 334k 53,3
.033 L9565 3.h2oh THE
.00 L4757 3.5101 98,3
006 LHEET 3.5612 CORL
Sy 170 3,5716 £19.1
058 30,2
.107 i
278 5373
261 et 1156 3.6865 (EE.6
L 370 113 L93% 3,713k 2.9
504 .00 S RT3 -9
R 2.87 253  3.765C .5
854 276 235 3,7828 .6
1.076 £ 2186 13y
13e 57 .a0eg 8364 &
1.626 ) 1885 s T
1.959 Lbz L1750 B35 |, 1
2,333 537 % 4081
2,750 5.3
21 Al
a7 o
L.267 a
1,863 9
5.303
6.188
6.917
7.692
B.514
9.385
10,307
11,287
12,33
13,687
14,65
15.95
17.%
18.92
PCLES
22,60 b l0x
25,83 4,105%
y 742 ,1075
1.3718 1,19 30.u8 4.1091
ER- .18 84,1105
1800 L1200 &7 38,7 Bec- SN 3151
L1600 L108h 26.67 B, 5% L0037 4.1126
L1800 L0856 & 8o L002% A, TY
L 312 L0698 SR T NeGUR 810
000 SU5H5 753 L0003 b, 134T
L0863 LG h11S0 (5.9
LoME L0005 W.115L L8206
-0358 U o 6861
K= Lo0R 4,157 37,8
L0168 Looal 41160 08,7 BE-EEH . OGBE 1577.94
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TABLE XVI.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF VENUS; Vi = 1,00, ug = 0, Zi = V4X10™~, Br = 900
() 74 = -0.5°%, e; = 0.00873

¥ Bri
1.0000 o 9 0.000
£.0005 11628 001012 e
Loy 23650 . 0020kY 000
L0015 36635 003152 001
1.0020 53767 . COMLTE o
1.00313 &4916 005273 .00
L.0020 74245 005537
L.0015 -83828 -006363
1.0010 88988 .
1.0005 2735 .00TLIC
10000 95725 007304
-9730 1.003%0 <0CT533 S
5580 1.04002 007818 03k
AT 1.06955 R 040
9960 1.09650 .oog17e Redd
9% 1.11606 SOOE 31T 053
-99%0 1-13500 008Ky 060
-9930 1.15185 008567 087
1.16698 LO08AT 7Y
9910 18067 008783 081
9900 1.19316 - OORBE;
9880 1.23513 009061 10k
-9860 12310 009228 21
.9840 1.25002 00537 138
9820 1.26553 009513 157
5800 1.277122 L0096k 176
570 007432 il B
-9700 .009278 . . (287
L5U5C 011287 27 % 1.34CTE .351
.90 .013u51 \BB30 f1iic 35459 k20
5550 015764 . [, 1.38627 695
3500 .018219 - 2 Lt R - 1.37829 575
1.39264 St
Bosse 967
1.415% 1163
1.42065 1.397
1.43200 1.651
1.45387 2.215
1.45309 2.855
RY: 3.511
1.46667 5.366
47188 5.241
47535 6.200
480z 7.24k7
48365 8,387
HBET6 5.624
014232 10,965
3.2 . Reatkyiod 12,416
3.l -kgu30 01503 13-385
3.5 014630 15.582
3.7 LOINTE3 17.516
3.9 1.50010 014872 17.ko8
4.09 Reth:cl 21,542
&.27 015301 23.962
5.6 015212 26.475
466 015321 29.200
5.87 1.50741 015428 12.160
5.09 1.50863 01553 35,381
.33 015635 3B8.8%3
5.57 -015THE k2,732
284 “015818 46,630
6.12 015952 e
£.43 016057
6.76 -G1€163
7.22 01627C
7.52 1.5165" 018379
7.96 1.51734 -OLEh0
8.35 1.51813 01660k .£72
g.01 1.51889 016721 10e.50
9.55 .016843 118,965
10.39 .0169T2 128927
11.27 017105 15,548
ks X . - .0172kg 165,637
13.63 b g . K : .522 Ragted 190,457
L5.29 JOAT5TS 22,1
17.%9 017768 264.1
017991 322.98
22,61 .018113 362.56
25.13 018264 12,7
a2 -01842% T8.93
33.01 ~018625 571.38
018863 71357
019196 955.k5
019653 158854
020LE3 3001.0
021803 5996.1
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TABLIE XVI.- VALUES OF % _FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF VENUS; V4 = 1,00, ug = 0, 23 = V;x107%, Br = 900 - Continued

(b) 7§ = -1.0°%, e; = 0,0L745

v z wEr—
0.0000010 .
000025 .
.0000ER i
000358 RO
L0000k38 K
0001658 5
.CO0RTLA e
1.0025 L0004125
1.0020 11008851
1.0015 9011705
0LLEBS
017528 i
02029 LB
-¥990 102565 T
. Y980 003088 %)
970 -O0360F Lo
L1960 008118 2k
950 004628 .1k0
-3940 005137 .155
3930 | COS6RS L7
FF0 00153 L185
10 O0EEEL 202
7900 JOTITL 27
880 L00B194
2820 09223
10261
9620 OLLI0| .
9800 = SRTOG
750 ~0150k% 05 L .6BO1S 010716
5700 01T 528 65055 010908
9650 02063 5632 .55901 011077
600 02351 .59 .01122%
9550 P68 L6242 011367
L3500 L2852 ESRE 011563
9400 .03582 7062 011720
3300 LOu2L2 SIS .011%20
9200 04931 LTS 012099
L3100 05640 \B33a 012262
06396 .70 012013
8800 L0791 o12682 7
-BECO .09653 012920 367
-BU00 L1836 013135 .08l
.B200 13317 L013331 L.B72
.BoOC 15250 013512 738
7800 17393 013681
7600 1 C1383%
.THO0 2173 013989
T200 2503 014131
000 2641 KUy
[2:00] 2886 Lo14398 i 730
L6600 L3137 014524 1s.2!
£ho0 3395 LOLIERE 15.910
&200 -3657 Rty 6%
6000 3926 01487 1..628
5800 L4189 014992
5600 LUh77 015102
L5500 4759 615210 .
5200 L5045 010317 11,108
L5000 5335 o15hal :.008
.h8co 5627 . o155y | o167
LB600 5321 015631 PR} )
5500 6217 015735 .38
H200 €514 015838 4529
Booo 12 Rt 1.088
3800 T109 o L0160LT
-3600 THOL 01615
.3400 Tre0 i 016255
.3200 T . 01638
3000 8281 L LOL6HTS
2800 -B504
L2600 B2
2800 -112
2200 L9374
2000 9625
1300 5865
1600 L0032
.1300 30309
L 100 1.0916
000 1.0725
L0900 1.08%3 2264 ? 018114
0500 1.0979 25.22 1 01826
0700 1.1105 28.56 : 013427
Lizes) L.1k1b 33.06 B} 018524
L0500 1.1854% 1 3 2 016881
OO0 1.27k1 1. gl - 01913
0300 1.4890 1. iR ; O19RBE
£.0007 1. D001 ! (OR0BEL
0100 5.331 1. +00 “ 02180~
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TABLE XVI.- VALUES OF Z _FUNCTION AND REIATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF VENUS; V1 1.00, uy = 0, 25 = V X10 Br = 900 - Continued

(e) 74 = -2.0 , €5 = o.o3u90

v 2 -7 _x m I % ®
Aep E Eec
1.0000 2.000 | 0.0000 061 0 o
1.9007 1.994 0001 0016 o011 23.5
1.0010 1.99 0002 o 028 ¥7.2
3.001% i 000k 0020 (.53 1.2
1.0020 1.98 o012 0063 o102 5.9
1.0025 1.978 0033 0106 0184 22,9
1.0009¢ 1.961 0170 =Ll feib%e) 1558
1.0025 1.95¢ L ChO6 -O76E 133.3
1.0020 1.947 a1y .OhBE 0925 £03.6
1.001% 104 7 L05h8 1056 1¢.2
1.0030 1.9%% 1081 0601 115% 215.2
1.000% 1,984 0648 1048 219.3
1.0000 1.9k 1532 L0691 133k 222.8
23990 1.9 1770 0767 1487 .5
9380 1 210 0833 1623 W1
9970 1.907 243 089k 17:7 Y
. 1.96 275 -0gko 1862 B
2850 1.950 307 1001 1965 R
L9080 1. 338 L1049 5.1
-9930 1,9 369 1006 2165
9920 1. 301 J1137 2256 50,8
29910 1. 432 178 2343 =8
00 1. 55 1217 2427 .7
9880 1 24 .1290 2585 @38.2
9860 1 =B84 11357 2734 h1.2
9840 1,977 &5 1420 2873 268.0
-9820 1.98 Q478 3006 2585
-9800 1.99 765 <1533 313¢ 268.8
2.00/ 913 L1658 .3h2k &13.8 R
2,024 1.06G 1768 3630 218.0 1,126
2,08 1.205 1866 3935 281.7 1.2
2057 | 1.3%9 1958 L3363 285.9 1.hik
2.0 1.3 L2034 4377 287.8 1.64%
05730 2.00: 1.633 2206 578 220.5 1.8%
06782 2.130 | i.91s 2231 b5 295.2 2.
o784 2.162 &19 2336 5288 299.2 2.
.0850¢ 2.20; e k23 <3799 0.8 2.
09T 2.24) T2 2bg5 5886 106.0 3.
L1105 2.28 99 2555 LB15% 408.9 3.
13242 2.370 2€hy JBRUG 11.% &
1545t 2,55 2696 7072 518k 5
L17701 2.5 2721 LTHEO $22.3 &
.19977 2.637 721 L7811 25.8 .13 7.
2228 2.735 2702 8130 23.0 ‘013910 8,
2462 2.831 2586 018085 9
.2698 2.93¢ 2616 .01420¢ 10.1
2938 3.0b -2553 JOTh3EL 1.
L3179 3.1 -2uBo Olbhua 13
3hon 3.26 23 o1k, 1k
23671 3.38 7.89 2310 4082
3920 3.9 176 2216 11158
si72 3.55 .01 8135 41323
a2y 3.77 5.23 2018 +1hT
sy 39 5.3 Bt 41626
k9B .06 5,39 1800 1 3.5 41766
5197 b.22 5.73 5@ 1 126,k 41898
5856 4.3% 13 1583 1 498.3 202%
SSTIT 3,56 92 By 1 i80.2 L2143
5979 Y75 B.97 L1367 1 368.0 42258
L6240 'R (1261 3 143.8 42368
6502 5.1€ 1157 1 365.7 k73
AETER 5.3% 3056 1 615 iz
g5 5.63 0958 1 155 .4 426TL
7285 5.9¢ 086k 1 713 baTES
75k 6.19 L0773 L.3207 i73.2 42855
7800 6.51 Nelid 1.225¢ 179.1 bi2983
JBosk 6.B5 OEOS 1.130¢ s77-1 W07
.B30h 7.2h 058 1.1388 379.2 3209
8550 7.67 ohss 1387 591.3 432189
8792 8.15 .39 0389 1.1821 383.5 k3267
9008 8.70 7.0k 0328 1.1851 385.8 R332
9257 9.3% .66 RT2 1.1%78 388.2 LEIST
LGUTD 10.08 (.26 o221 1.1561 190.8 43488
6% 10.95 =.81 L0176 1.1521 193.6 43558
1800 9895 12.01 5.3k .0137 1.153% 96,7 Y3627
160C 1.009G 13.33 4.8k 0103 11553 400.C 43605
1400 1.0276 15.00 432 0076 1.156¢ 403.8 ¥3762
1200 1,0659 i7.22 177 0051 11578 LoB.2 43829
1000 1.0651 20.33 3.20 L0033 1.1583 k13.3 4380k
000 1.0762 28,581 2.91 005 1.1587 H1E.% w927
.0Boo 1.089¢ 25.02 262 0013  1.1589 419.9 43960
o700 1.107, 28.39 2.33 0014 1.15% 4g3.9 43993
0600 1.1336 32.92 2 L0009 1.159% 4288 ukoa7
L0500 1-1787 39.38 1.768 0006 1,150 435.1 45063 -018562
R g 1.263 §7.15 1.523 0004 1.159Y ah3.8 il c19192
0100 1..878 64 K0 1.339 0002 1.15%€ 457.9 44128 019638
SREC 2.0020 B3.53 3.201 +0001 1.1600 485.1 4hidg 020k
0100 3.3320 20.00 1.000 0000 1.150% £3.4% 44152 021805
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TABLE XVI.- VALUES OF Z _FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHFRE OF VENUS; Vi = 1,00, U = O, Zj = ViX10™°, Br = 900 - Continued

(@) 7i = -3.0%, e5 = 0,0523h

7 z -7 _Ar i g t E 4
deg 8 sec T ©

1.0000 0.0000 1.0010 O a 1.000
1.0005 0001 0016 a0 01913 001003 000
1.0020 00C2 0025 0019 03835 .002010 000
1.0015 000k 0033 003 0577 -003025 o0
1.0020 .0012 0062 i 07735 .DOLOEC 001
1.0025 .0031 0102 0117 09Bk3  .005150 003
1.0030 L0103 0185 022z 12355 006459 010
1.00318 0257 0295 0363 14356 L007hg8 026
1.0030 G525 oLzl 0525 15884 008290 052
1.0025 0559 1 17031 .008884 08
1.0020 0636 080t 17669 009214 120
1.0015 ~O707 <08y 18130 .009ks2 (168
1.0010 0768 097k 18596 .0096k2 176
10005 -0Bgh 105 38801 .002799 .203
1.0000 JOBTH $1118 15064 -009935 .229
9990 .95¢ 280 0965 1235 119501 010261 .28
.9580 954 331 1046 1386 19858 010346 332

9970 2.960 380 .1118 1kh5 20161 1010502 38

9960 2.961 k29 1186 1537 20425 010639 832

9950 2.962 477 1248 L1622 169.0 20658 .010T59 482

.9GL0 2.965 525 1306 1703 170.7 20868 010868 932

.9930 2.960 572 L1362 21780 172.3 21055 010966 580

19920 2.966 619 Bt 1853 173.7 21232 011057 629

.9910 2.968 <666 1463 1923 175.0 21393 011140 678

9900 2.970 713 1513 1 176.3 2152 .011217 127

.9380 02717 2.97; .Bos 21599 L2118 178.5 1812 .021357 625

9860 .03032 2.977 857 1681 2237 180.5 22051  .O11kBR 923
9850 L0336 2.980 1757 2350 182.3 2226& 011594 020
.9820 L0366 2.98L 1.078 1828 257 183.9 22u62 011695 1.118
9800 L03973 2.98% 1.1 1895 2555 185.% 22681 013789 1.216

9750 04751 2,99 1.3%0 2046 2 1AB.7 23032 011993 1462

9700 205525 3,02 1.608 2178 3011 191.4 23362 012167 1.T09

29650 06297 3.020 1.823 2296 3210 193.9 23649 012318 1.958

9600 07066 3.032 2.03 800 3396 196.9 23902 012451 2.208

9550 07833 3.00h 2.2k T 5 198.0 L2 012512 ©.461

.9500 08508 3.056 2.45 I5TR L1736 199.7 S2u334 012681 2.11%

.9h00 .10123 3.08. 2.85 2726 4038 202.9 2LEQY 91287k

9300 21662 3.106 3-23 2846 5315 205.6 25004 013042

3200 3132 3.43 2ok LWBTO 208.0 25275 013189

9100 3.15% .00 3085 L4AOT 210.1 .25516 013322

9000 3.187 .36 2092 .5028 212.1 25734 01343

L8800 5.06 1180 L5433 215.6 26115 Rokiiy

8600 5.71 .32a7 L5791 218.7 26450 013842

800 6.32 .3239 L6116 221.4 26724 013008

.8200 A.89 3223 L5411 223.9 .26976 010158

8000 7.%3 318k 6681 226.2 .27203  .01h29Y

.7800 7.92 L3126 228.3 27HI0 .01bMR3

L7600 8.37 3052 230k 27600 J01k5a2

THO0 B.79 2964 232.3 RTTT3 LOLBEYY

7200 2 9.1 2865 234.3 .27938 L1k

7000 3.801 9.50 L2757 235.9 .2B091  .0LbFen

L6800 3.98 9.80 2642 237.6 LO1kGE4

6600 5.08 10.06 2522 239.2 .0150G03

600 4,18 10.28 239" 250.8 015152

6200 4,28 30,56 .2270 22,4 B15¢2

6000 L.30 10.60 L2140 2uh,0 015337

.5800 i52 10,71 .2010 245.5 01541

5600 Y gl B 2471 LD15502

5500 L.78 10.81 L1751 288.6 035356

5200 4,92 10.81 1623 250.1 015669

5000 5.08 L0.TT ~1h98 251.6 01572

.4BOO 5.28 10.69 375 .90 253.2 29340 L015E..

4600 5.52 10.58 1256 L9187 255.7 29529 .01561H

5400 5.62 10.»3 11k .9:6 256.3 515 01600,

<4200 5.83 10.2l .1031 9279 257.9 29598 0360

5000 6.06 10.03 0925 -9338 259.5% 29680 +01611:%

3000 6.31 977 082l 9391 261.2 -29759 01623l 67.679

2600 £.59 9.4g 0729 19840 262.3 29836 016348 73.203

3800 6.90 9.17 L0639 .Q4BL 264.T .29911 L0164 2 79.31%

3200 7.28 8.82 0555 L9525 266.5 29085 0165z 86.117

.3000 7.62 Bluk ouTT 19561 268.5 -30057 L0661t 93.Th5

2800 8.08 8.03 L0N06 959 270.5 .30128 02671 102366

2600 8.58 7.58 00,9623 272.6 112,202

22500 ¢.18 T.12 .96hg 27,9 123.549

12200 9.87 6.62 ~0227 2967 277.3 136.

.2000 10.70 6.10 .0180 9691 280.0 152.548

+1800 11.71 5.56 -0180 9708 282.9 171.58%

22600 12.98 5.00 Q10 g7z 286.1 195.179

L1500 1k.61 bug ®7F 973 289.8 225.31

1200 16.79 3.82 0051 .9Thk 29,0 265.51

1000 19.8% 3.22 0033 L9752 299.1 121.93

0900 21.92 2.3 w23 L9755 302.2 360.15

0800 24.53 2.62 0019 9758 305.6 0883

-0700 27.50 2.32 -001% 9760 309.6 H73.53

0600 32,47 2.03 .0009 3762 314.6 S56L.1b

0500 38.98 1.757 0006 976L 320.8 702,60

OLOO 38.87 1,514 0004 9765 129.6 9ub. 31

0300 6451 1.335 -0c02 9767 3.8 1463.15

0200 83.54% 1,200 .0001 9768 371.2 3001.1

0100 90.00 1.000 0000 EX kg5 9996.1
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TABLE XVI.- VALUES OF Z _FUNCTION AND RELATED QUéNTIngS FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF VENUS; Vi = 1,00, ug = O, Zi = V4X10 ~, Br = 900 - Continued

(e) 75 = -4.0%, e; = 0.06976

- t -1 oy A
v sec T ™ N
1.0000 Qo .
1.0005 1.8 01433
1.6010 23.5 00872
1.0015 35.5 Q4321
st A 05702
1.0025
1.0030
1.00334
1.0070
1.0025
1.0020
1.0015
1.0010 -o0fass
1.0005 009853
1.0000 010610
9990 )
3980 L015149
5970 017368
.9960 010565
02175
02391
02607
0281
-03035
.03218

0131595
013359
013304
-01363%
013733

13963
LOLb1%k
014305
01k450
015583

014706
015821

016130

016419
016898
016579
16663
LO16TES

"

Semm e SO

2

016838

21

FRIBS

[

prowe oo
3¥sey a3
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TABLE XVI,- VALUES OF Z _FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF VENUS; V4 = 1,00, Uy = O, Zj = V;X107%, Br = 900 - Continued

(£) 7{ = -5.0°%, e; = 0,08716

- -7 - t
; . & | o= : | | = l 2 L
1.0000 £.600001C 5.000 2.0000 0.0010 O c 0 0.000
1.0005 0000029 5.000 L0001 L0026 000k OLIS5  .0010C.: 000
1.0010 0000051 4999 0002 0025 0011 002007 000
1.0015 0000151 5.997 0005 0039 L0022 03450 L0030 000
1.0020 +000035¢ 4.995 0012 L0062 ORERD  .OCROWL 2001
1.002% 0000982 i.99z 0029 L0100 o 05825 ORS00 »003
1.0030 L0002TS3 3.987 0167 L0120 07137 .0062%% .
1.00346 L0014316 3.980 o431 -0382 028k 09237 0080 043
1.0030 00h165 3.974 1253 0630 .10600 009257 125
1.0025 005982 3.973 1799 0778 0589 .11063 009640 179
-00762% 5.572 229 L0878 137 00993 228
009193 4972 276 0962 0732 11613 .01013y 275
01070 4971 .3e2 1037 0791 .11809  .01030% 381
0121 .97 -366 1106 OBlS <11975 01045 4 +366
013647 49T Jbog 1168 0894 12120 010579 ko9
016508 .97 895 1282 L1238 010792 g6
19320 .91 578 1383 1066 12566 010968 -581
02210 L9 661 1475 1140 .12739 011118 668
02485 5,973 2 1560 12890 .0L12k9 B
2950 02757 .57k 823 1680 127% .13025 J01L366 831
.03028 .97 .903 L1718 1336 L13146 WDLIAT2
9930 103298 4975 .983 178 139% 13256
9920 103567 b.976 1.061 1851 1550 13357
3910 03834 4,977 1.150 .191% 1503 13450 L161
5900 .0b100 k.98 218 L1975 1555 13537 1.263
9880 .0k631 %,980 1.373 -2088 1652 13695 1.406
9860 05158 k.98 1.526 2192 17hk 13835 1.569
St OS5 1.985 1.AT8 2296 L1B% 13961 1.733
3620 06207 %.987 1.80A 2381 L1912 14076 1.896
06728 .98 1.978 266 139 14181 2.059
.3750 08023 k.995 2.35 2659 2172 14412 2.463
L9700 +09310 5.001 2.7 .2828 .23319 15607 2.879
9650 ~10588 5.005 3.07 2977 2552 WTTT 3.292
9600 11360 5.015 1.2 .3110 2635 14928 3.706
L3550 J1312% 5.022 1.76 3229 2769 5062 4,123
9300 L1382 5.029 410 3336 bosh2
L5500 L16879 5,064 3520 5.387
9300 +19353 5.053 -3669 6.243
.5200 .2 5.0T5 3791 7.110
-9100 .2423 3.091 -38%9 7.989
9000 .2 5.108 3966 8.879
.REOD 23138 5,142 5OTD 10.599
B0 3604 5.179 5117 12.571
600 -h0g0 5.217 5121 14,501
8200 b 5.257 4088 16.492
.5000 1946 5.300 4026 18,548
LTACO 53175 5,34k -3939 20.672
L7500 5 5,391 +3833 22.871
LTHOO £203 5,441 L3730 25.147
<7200 6602 5.492 3574 015250 27.508
.TOOD £991 5.5%5 3428 015344 29.950
.EB0O -7369 5.607 23273 LO1584G 32.508
6600 TS 5.669 312 015527 35.151
6500 .B05L 5,733 L2G4E 015611 37.927
€200 B35 5.806 2780 QL5654 40,814
6000 8767 5.880 2611 SGL5TT: 43,835
5500 5.961 .22 JO15B h8.9%
5600 9393 6.05 L2274 " 50.320
L5400 7 6.1 -2109 B 53.81k
5200 £.24 Bty 016073 57.huT
5000 1.0232 £.35 1788 01614 A1.3%)
4800 1.0882 6.46 J163% .7 £5.514
4600 1.0T18 £.59 L1386 ~T19% 1
LLOO 1.0937 6.73 1383 .7R52 161.
4200 1130 £.88 1267 L7306 162,
1000 £-1325 T.05 1077 +7356 163
3800 1.1492 T.24 095k 16k,
.3600 1.1640 7.55 .0839 166
.3400 1.1768 7.68 o731 167,
3200 1.1876 7.94 0631 168,
.3000 1.1961 3.25 0535 1.
.2800 1.2024 8.0 0555 - 171,
.2600 1.2063 9.00 0373 7606 173
200 1.2076 9.48 0310 L7629 175,
~2200 1.2063 10.05 0259 7B 177,
2000 1.2022 0.7 0196  .T66T 17T,
1800 11.60 0150 7683 182,
1600 12.70 ol2 L7696 1R%.,
L1500 14,18 0079 JT07 188.
1200 16.10 0" -T6 191.
L1000 18.93 203% N3 196.
.0900 20.87 1.07 0026 727 199
0800 23.35 2. L0013
0700 26.59 238 U
0600 31.06 2.06 001G T3
0500 1709 37.32 L -0006 T35
GO0 1.2487 k757 1.498 0004 -T737
.0300 L.hET7 £3.85 1.321 -0002 -T738
1.9987 83.49 1.2 L0001 TR0
0100 3.3320 90.00 1.000 0000 STTsL
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TABLE XVI,- VALUES OF Z _FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENIRY INTO

ATMOSPHERE OF VENUS; V4 = 1.00, Ug = 0, Zj =

(g) Yy = _6000’ €4

V;X107°,
0.,10453

pr

= 900 -

7 L2 T “ e 3 - Sk
Z e - q I sec = _r! b=

1.0000 3.0010 o 3 2,000
1.0005 0016 el 1.8 00953 . 001002 000
1.6510 0025 15.7 .01909 002006 -000
1.0013 .03 00 23.6 62870 593016 000
1.0020 2 L9034 31.6 L0381 .00B03E .00L
1.0025 9 Loos ! 3.7 obA36  .005080 003
1.00%C L0186 e 8.5 05899 005197 008
1.0035% 2438 fo=2 64,7 G787 -005273 051
1.0036 oThs oBES Th.T L9107 09559 16k
1.002 L0877 = 77.6 LO9knE L0052 LT
1. 0Bz .0BC_ .6 09699 LOL0LTE .86
1. 1072 AR 81.2 09889 LDIG3TH L3k2
1. 2153 073 82.5 10046 0105k 3 L3196
1. 1226 Ry B3.6 10180 010683 .bs50
1ogh LB al.s L10298 010806 502
1517 0% 6.2 10497 011016 606
1527 09 87.5 10662 LCL1A8T 708
1621 10 7 10804 .0L1335 .Bo8
L1720 1110 B9.7 10028 LOL1MES 909

1506 1160 9.6 11038 01581

1887 51.k 311138 11685

.1968 92.2 112238 .o11750

. 2036 3.5 11318 011867

2105 93.5 1By Enibio

AT gh.1 11561 L2023

1658 .25 95.2 11591 01A6G

1.6hz . 2hog 96.2 21707 612381

2.02 515 97.¢ 11811 012391

2.20 261k 97.8 X CLAGD
2.3 2707 1 98.£ -Giesie 2.682
2,83 .2018 100.2 012782 2.913
3.26 .3102 101.5 JoEse 3.466
3.69 .3265 102.5 L013151 3.950
4§11 3410 103.6 LGL3232 4,456
4.52 L3580 106.8 013350 5.955
b.ge -3657 105.% 003857 5.457
.20z 572 .3857 = "51 107.0 1300% L1364 £.658
L2322 w8 hooe 0% 10H.€ .1315%9  .0L3809 7451
2 .h151 30 109.¢ 13294 L013953 3,527
33 RY-o14 3hoe 110.9 .13415 01082 3.513
.62 L3k 3501 111.4 13525 .01%198 LD.E36

OLERON

-p1k582

L0LBTHO

-01IEL

015011

.01513¢

LDL5E4L

015345

015843

015536

019625

015711

015793

015873

015950

15173 016026

15235 016100

.15 016172

-13352 OLEZHS

. 01631k

L1546k 016383

15518 016453

15572 016522

562k 016561

15675 016661

15726 016730

15777 016301

Li5B37 016873

(15876 .OL6G4T

15926 .oL7022

15975 .OL7100

.1602% Q17180

.160Th 017265

7/\1'- 16108 017354

LN 54 617 01 7M.
0157 JTOhE L162%5 017552 17.62
016 103 16877 017666 .96

0082 L7070 -16330 017732

Q055 7B .16385 LOL7939

16441 .01811%

g5 .oi8a

L1650y 018336

16531 L01B4TS

16563 015685

L1€597 CE3EL

L6531 09373

18566 C1GEEE

16689 ozchsE

J16692 G218e3
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TABLE XVI,- VALUES OF Z _FUNCTION A_D_]D RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF VENUS; V3 = 1.00, ug = O, 24 = VinO'e, Br = 900 - Continued

(n) 74 = -8.0%, ey = 0.13917

7 z 7 I I 1 M =3 -4
1.0000 0.0000020 0.000C 12.00310 O . a 5000
1.0005 0000025 L0001 L0016 000 00713 .001002 000
1.0010 000006 0025 0007, 01427 E 000
1.0015 0000151 000k .33 L0014 o2yes 0030tk 000
1.0020 0000377 o011 o062 0025 L02RER 003030 st
1.0025 00009 9 0098 L0Ok2 03605 005054 003
1.0030 0002550 00T 0161 00T LONITT J0061k9 008
1.0035 0008001 .0pkY L0285 0131 05285 .007hel 028
1.003172 E 0690 .0LB3 o221 06117 008592 068
1.0035 004990 1502 0713 033 L0734 .009MST 159
1.0030 008213 2k7 0913 ol3 .o7IEe 010012 246
1.0025 010952 329 21053 0500 0.7 07358 010332 .328
1. 013513 k6 J136R 055 &2.1 o7585 010566 Bos
1.0015 015974 R 1260 060 83.2 7658 010752 w79
1.0010 018372 552 1359 .06k £h.1 07769 3 L5351
1.0005 02072 622 aEY L0690 £h.9 07865 011043 .21
1.0000 02308 691 a3:18 o7 £5.6 L079h9 011161 601
02760 827 L1657 0797 6.8 08093 011363
01209 961 17 08 67.8 .OB213 01153
01652 1.092 1897 091 £B.6 JOB317 011676
04092 1.223 2003 09T 695 L08L07 01180k
04528 3.352 210 102z 70.0 JOBUAG  .031917
L0hEL 1.480 L2198 0.6 08562 012020
05393 1.606 2282 Ti.2 08629 012116
5 1.733 2365 717 L0RQD 012200
06250 1.858 .2hhh 2.2 LOBTHT 032280
ORATE .92 2520 2.6 .0880C 01235k
0752k 2-23 2661 u 012689
LOB36T 2.LR LBTIZ 2 012610
09207 2.72 2914 h.e 0127118
10083 2.96 ~3028 TS -0:2817
-10876 3.20 23135 5.9 - 3
212955 3.7 S3377 771 +013167
414998 k.36 -3589 8.2 013276
37036 4.92 377 79.1 -013425
19062 3 3982 9.9 013554
2107 0k 092 80.6 03672
.2308 R RS Ri.g 013778
270k 685 ek 82k LO99KT 013566
-3096 JBENT 2652 B3l +1006 014128 3.8
L348k 4792 28! Rl.3 .10168 Q18272 11.361
3867 RYiT3 294 85.1 L10254 Katih] 12,749
L4246 L5007 304 B5.6 10336 L01h516 L4354
4991 5332 ar.e 10481 LDINT20 17.015
S5T18 2586 f8.4 L30R05 .014897 T
528 5185 aa.5 0Tk 015055
119 25138 0812 015193
1792 <5033 10601 -015321
LBhy7 Lhg3R L10983 LD1S%I9
.gos2 L3799 11059 015548
5608 -h639 L11129 015851
1.0293 R1TEH 11196 L015748
1.0868 et .11258 .015839
3.1821 L4075 L1318 015927
1.1953 .3869 V1137 018010
1.2862 3658 L1142 016091
1.2949 Juih L1R81 016169 2,655
1.383) 3229 211531 J0152bY 47T.055
1.38ug .3015 016318 1.632
1.5262 2802 016389 6,500
PR L2593 .016h59 11,374
1.5006 239 016528 6.575
1.5337 L2189 LO16596 92.023
L1996 016663 7T
1810 016729 193750
1632 016795 110.108
18A2 016861 116.826
BEY 016927 123.958
2 3Bou L11hk9 016993 131.556
3600 1007 017 39.583
e .087H 017127 RGN
.3200 o752 017195 157853
3001 0639 017265 168107
.280 0337 017337
260 Olsiaty 01711
L2u00 L0362 459
220 .0289 .017570
20081 0226 017656
1800 o172 O1TT48
<1600 L0126 017845
L1800 L0089 017961
L1E00 o059 01808
+1000 L0037 o1R2N3
0900 20028 .Q18333
OB% 0021 018437
L0700 0015 0185
0600 0010 018706
L0500 06 6183 FERI-) 12736 018004
0kto 000k 618k .2 12770 019184
G300 e 6185 i 12805 01965k
200 2001 6187 3 12629 020L63
0100 0000 6188 212833 021856

127



TABLE XVI.- VALUES OF Z _FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF VENUS; Vi = 1.00, ug = 0, Zj = ViX10~%, Br = 900 - Concluded

128

(0]
'lo.o ] ei

0.17365

7 . .y By - a T
v = deg 3 1 I | sec B
10.00C ©.0000 50010 O L] 5
10.00G 0000 0016 o002 8.7 .90
5.994 L0001 0025 0006 9.4 201137
9.99G 0004 003 00Tl 1h.2 01708
9.99" 001} .co62 18.9 L dp2Bl
9.9t 0029 0058 o034 23.8 02867
9.99L .007h 0159 -gosy7 28.8 L2373
3.991 021 02T .0X 360 B152
9.984 0861 0580 L0209 3.5 25015
9.98: 223 0864 0327 56.% . 35609
-o11120 9.984 335 2062 0BG 18.7 .05873
Rttt 9.98u 1210 Rettag 50, D503
017631 9.98: 1336 -0309 51.1 L2616k
02068 9.9%: ks L0552 51.9 06265
02366 9.981 1sk2 L0591 52.6 06350
02659 9.983 1632 0626 53.2 08uZL
02057 9.98: 1717 - 53.8 06450
03513 9.982 o721 sh.T 06602
LOLOTE 9.982 L7 55.5 06695
.ou6at 9.98% 088 56.2 0ETT6
05176 9.984 225 0BT 5.8 .06848
Reys 9.984 2352 -bgae 57-3 05911
990 9.984 867 2hEs L0963 57.8 06969
9930 9.38 .03 2362 .100% 58.2 07022
9920 9.98% 218 .268h L1042 58.6 07070
9910 9.98: .34 2742 L1080 5.0 0713
=) 9.980 %9 286 L1116 5.3 .0T157
B 9.98/ 2.80 2080 .1m £0.0 07233 2.87
.986C 9.95% 3.11 3130 J2uR 80.6 27301 1,198
9840 9.9% 3.8 <3266 -1308 1.1 07362 L0128 3.528
9820 9.9% 3.7 3392 1366 £1.5 OThIA DL 3.8%
.990G 9.952 4.01 512 1821 £2.0 7L L0110 k176
9730 3.99" 3781 k.992
.§700 9.9% b016 5.810
5630 10,001 4225 6.630
3600 10,004 b0 7400
3550 E 30,008 576 8.8
23500 . 30,031 4725 9.113
.9u00 .3380 Lofo 10.787
+9300 -3868 5188 12.%37%
.9200 k353 .3355 14,188
5100 LE28 5459 15.916
<9000 5299 5554 ReUsel 17.664
-8%00 225 .5732 04500
.8600 L7128 5790 L015102
L8400 WB007 577 01529
8200 .886% 5732 01543
.8000 9636 5637 L0155
7800 1.0503 5507 ot o
7600 3.1286 25349 &
ThOO 1.2063 5170 3
7200 1.277h -hg72 9
7000 1.3478 4759 5
6800 1515k 4536 78.0
L5600 1.4801 25305 78.6
6500 1.5420 LhO53 9.2
16200 1.6008 L3830 9.7
6000 1.6565 -3589 8.3
5800 1.7089 -33%9 5.8
2S00 1.7561 ~3112 A1k
2400 1.8038 L2878 8.9
L5200 1.8660 .26L9 82.5
5000 1.8844 2427 a3.1
4800 1.9191 2211 83.7
4500 19497 200k 84,3
4800 1.97 .1805 8.9
4200 1.998% 1636 .5
- 4000 2.0160 L1437 8.2
.3800 2.028 23.13 B 86.9
3600 2.0363 22.00 L1130 87.6
L3500 2.039 0.8 0963 88.4
3200 2.0368 19.55 o827 8.2
3000 2.0282 18.25 o7 9.1
L2800 2.013% 11.96 15.91 0589 91.0
L2600 1.3921 12,20 15,54 -Oh86 2.1
2400 1.5638 12,59 k.2 0395 93.2
2200 1.5280 32.86 2.72 Kerst] oh.4 . 017752
.2000 1.8843 13.27 i3.31 0246 95.8 10016 O1768 3
1800 1.5320 13.82 9.89 0186 06 97.b 10052 ~01Tg28
L1600 1.770% 1,53 8.50 L0136 L5517 99.2 .10089 013021
L1600 1.6993 15.49 T.14 .009% J55eF 101.4 10127
1200 1.6177 16.8% s.82 0063 10%.0 .10167
<1000 1.5260 18.87 &,38 +0033 107.4 1023
L0900 1.4768 20.31 3.99 0030 109.5 10231
.CBoo 1.4261 22.18 .42 K in.g .10257
Regisad 1.3755% k.73 2.8 0015 11%.9 .10282
SOHT 1.328 28.33 2.39 0010 118.7 10308
B g 1.292 33.83 1.939 0006 3.7 +10337
Relliod 1.2937 b2.9% 1.352 0008 131.} 210389
0300 1,035 59.75 1.292 6002 pUE A .10hoh
0200 1.9870 B2.83 1.192 L0001 % 173.2 210430
.0100 3.h906 90.00 1.087 0000 L3555 2561 .10k3%




TARLE XVII.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR LIFTING ENTRY INTO
ATMOSPHERE OF VENUS; V4 = 1.00, T, = 0, 2§ = Vix1078, Br = 900, 73 = -0.5%
ey = 0.00873

(a) L/D = 0.5

i z hd et ' d
N “ wec T r
0.0000C10 ] Q +.000
0000025 %543 L1626 001012 000
20000063 193.% L2351 2002045 Roval
L00COIEB 300.3 LIRTHO 003133 .001
.000113h 529.8 LALRND 005255 .003
0003356 £88.3 .Bup57 JOOR L0 010
~00043TH 738.1 89858 005756 L013
0005246 8.2 L9B029 006958 «C1h
0005025 961 Ry 007112 W18
L000738% 1.5 1.02089 007340 022
. 567 878.5 1.0753¢ 007508 026
s 505 9104 1,11822 00734 2029
0010532 539.2 1.,14905 007737 .032
111359 5.3 1. 007820 03
59k L2133 9.5 1.21026 007897 637
R Lii12H3E 102.2 1.237% 00791 033
~5920 Sa13kg7 1033.6 1.26385 008018 0B
.3910 0014220 10551 ..2882 008269 LOh3
9900 LEbT7LE 10736 3.31230 008135 065
7880 1110.5 L3587 008202 OB
3860 11047 008263 <052
IO 0083162 o
3820 L008L4EY ®HBY
L3800 o056 @9
9750 JODATHT o738
3700 005978 097
.0 009206 9
L9660 -00gh2: Sk
3550 009513 a7
L9B00 009782 .201
800 010086
9300 010320
9200 830511
L9100 010668
.9000 LB10T98
.8800 011007 n0R
00 JOULLT L700
300 011325 JBo1
-Beco -0114T4 .9t
8000 LO11627 1.091
7800 011783 1.209
LTHO0 L0193k 1.391
TR0 013090 1.59%
7200 012234 1,515
7000 012370 2.051
5800 612497 2.299
600 SR 2.559
6h00 .012729 2.A73
5200 012837 3.12k
A000 012943 3.3
5800 %6 SRR 2.8 013048 3777
5600 706 LOESN 2.9001 013154 b.155
L5800 o L0615 2.9k 01322 5.578
5200 A% L0577 2.5 2.30513 .013372 5.057
5000 915 LOBKO 2.9 23128 o3k 5002
3800 1.000 1.3 L050% 2.319% L013603 f.222
<4600 1.092 . oA 2.3 013722 F.929
LBU00 1.190 - ob33 2.33227 -013845
L4200 1.29% L0398 2.33%03 013G
L4000 3,404 LESL] 2,36343 015097
.3800 1.53 1.pd 20331 2.3u84g 01522
o 357 Loty 259 2.3532% 014359
23800 1.83 L L0pRR 2.35T9 .01kkg5
3200 2.02 w 0238 2.3¥187 RSUS
. 3000 .24 wd .0209 2.%57 Rty
+2800 2.51 o182 2.3R4h0 014934
2000 2.84 NOLYS 2.37290 025094
L2400 3.23 L0133 2.3712 0152
2200 72 0111 2.37911 Jo5kks
~2000 a.gs 0001 2.31190 .015641
1800 511 J0073 3173 2.386h9 01585
D600 6.12 0057 3.172 2.3%.688 .015088
1500 74T L00U3 3.1784 2.3%909 LCl6349
L1200 9.31 -0031 3.1801 2.39111 .CIFALS
000 11.5% ta -00Z1 3.181% 2.392%% 016989
0900 11.80 i 0017 3.1620 2.39382 017187
OB 1h.30 0013 3.1n26 2.39h64 027408
o700 19.08 0010 3.1628 2.39545 016
JOAD0 23.06 L0007 31431 2.3F 2R SOLTEG
0500 28.55 .00Cs 3.1833 2.3 % .018310
L0500 ¥ .29 -0003 3.183% 2,399 L01B87R
0300 w1 0002 34837 2.39°%60 019391
0200 5590 8001 3.1839 2.39907 .oR0Z2
.0100 S2.24 L0060 3.18U0 2.30 2021718

129



TABLE XVII.- VALUES OF Z FUNCTION AND REIATED QUANTITIES FOR LIFTING ENTRY INTO
ATMOSPHERE OF VENUS; Vi = 1.00, @y = 0, Zi = ViX1078, Br = 900, y{ = -0.50°,
ei = 0.00873 - Concluded

(v) L/D = 1.0

t i =y i
T v E
o o b R
5.1 L1628 .601012 00
193.5 L2361 00BOa 000
300.7 -36785 ~O03133 ~OUL
529.1 BAT5T 008214
691.4
741.2
779+
11,4
¥E.2
91k.3
959.3
1003.8
10685
0g53
1135.8
1199.0
1258k
1323.7
1uh.q
15975
6911
l.o332 T3
. 1.0922 1P03.8
1.2133 3BT
33341 19680
15984
20h5.5
2089.5
21336
22204
2297.7
2360.0
20698
2u51.9
55,2
2593.4
@ @073
Aoy L013122 BT 2713.0
8007 015549 2u7
L7801 Jo07hou 157
PG ot A BLE
. a7
232
301
Li5
e
294
Eia
.28
327
39
by
53e “onzrEe
L5u +0129C
554 01308
.58 .013133
) .013255
o725 013377
.3 013308
-9 D153
1.06 -01379"
1.8 -0139k5
1.30 018105
1.45 01h2%:
1.5k ReTTEN
1.5 1513
2.23 014805
2.60 G150%,
.21 01524
331 01550
R 01578
£.19 016105
R.a7 035485
9.5% o013 b3 L0X5701
11.29 ool b3 01593
13.58 0008 53270 -017218
16.58 S006 b.3ETR 01754
20.72 5.3277 .o179R¢
26.19 %.3850 018417
32.83 a.32 019060
39.25 L. 3254 ~C1994!,
43.58 k.3285 ~021hb
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TABLE XVIII.- VAIUES OF Z FUNCTION AND REIATED QUANTITIES FOR BAILISTIC ENTRY
INTO ATMOSPHERE OF VENUS; 1.02, Uy = 0, 24 = 74x1076, Br = 900
(a) -2.00, ei = 0.05337

X <
|

.y ar - = 3 28 -4
v z deg s q = sec = l _;l
1.020C 0000010 2 9.0000: [ o o 3,000
1.0205 200000 1 0oL 2.0 03110 .00L067 <000
1.0M0 8000069 1 0002 51.0 06362 .0G2141T 000
1.021% 0000185 1 000t 7.7 09813 003235 001
1,022C 0000517 1.6 001t 109.2 13618 00U383 002
1.0225 L0001A3Y 1.599 0056 1489 18584 003788
1.0226 4 . 1.7 .0%23 175.2 21863 006657 012
1.0225 0007382 1.410 .022h 196.7 24557 007335 022
1.0220 0013133 1.345 -0b03 21 27IB6  .007969 039
1.0210 002180 1,284 L0655 237. 29698 .00854s 063
1.0200 0029k 1.250 .0901 250. 31217 .008880 087
1.0150 006324 1.159 1986 282. 35273 009735 187
1.0100 00928 1.157 286 300, 37507 -010184 280
1.0050 .012420 112k <375 313. 23X CLOkGE 3n
1.0000 -015356 1.120 %61 323. o3z 010737 R75%
L9950 .01826% 1.123 5B5 331.9 51335 010935 551
-5900 -02116 1.13% 625 339.0 2197 011105 JB41
9800 02658 1.1%5 .T93 350.8 53608 011386 .B2%
9706 -03288 1.188 957 360.2 hTho  LoL1617 .06
03890 1.228 1.120 368.2 L5681 .011815 1.216
3500 04507 1.272 1.285 3751 LHERBL <011990 1.k23
900 05141 1.850 381.2 17183 .o12148 1.681
.§300 .05792 1.616 386.5 b 012253 1.868
9200 06564 1.78% 351 533l .o12k27 2,108
9100 LOT155 1.953 395.8 48841 012552 2,35
3000 07867 2.12 395.9 19289 012659 2.622
8800 09354 1.652 2.7 R0T.1 50071 .012887 3.189
8600 /10927 1.7 2.82 413.3 50735 ~01308: 3.812
38400 12587 1.900 3.17 n8.8 51307 .01 b.bg5
8200 L4334 2.029 3.53 523.7 51806 013830 5.2kk
8000 16165 2,161 31,88 ¥28.2 52246 013601 6.062
- T800 18080 k.23 L32.2 52639 L013753 6.95%
7600 .2008 5.58 k6.0 52991 013898 T.926
L7500 L2215 k.52 139.5 .53308 013037 B8.98L
7200 eh3l 3.25 2.7 33597 015171 10.129
7000 26! 3.57 5.7 1 014300 11,37k
6860 288 5.88 us8.6 54104 -O1hk2h
.6600 L3121 6.18 51.3 54327 014545
L6500 L3385 6.48 153.9 Shs3k 014663
6200 3615 6.72 456} 54726 014778
L6000 .3872 6.57 458.9 54905 .018891
5800 B3 T.19 . . L61.2 55073 015001
5600 bhoy 7.39 - . 4634 55230 015118
5500 BETh 7.57 B . 465.6 55378 015217
5200 4950 7.72 . . 467.8 55517 013323
.500C 5232 1.85 121 1.3917 463.3 55649 015428
4800 .5516 7.9% .1186  1.k0l2 472.0 55774 015532
4600 580k 8.01 L1093 1. b74.1 5852 G15636
JUhoo 5095 8.05 1003 1.278 k76,1 5 0157k0
1200 6388 8.05 W01 1.4250 k78.2 56112 015883
4000 5682 8.02 0827 1315 860.3 56215  .0139%3
1800 7.95 o7 1,4375 hg2.3 56313 016053 5%5.088
.3600 7273 7.86 L0663 1.4h29 4815 016159 66,610
.3ko0 L0586 1.W478 486.6 ~56598 016266 65.TTT
3200 1 7.5E 051k 1.ks522 138.7 56585 016376 73.700
3000 £152 7.3k obbs  1.k561 491.0 56653 016483 81.521
2800 8k3g 7.09 L0381 1.ksgh 493.3 56750 016603 90,420
2600 .8722 6.80 o3ez  1.hée7 95,7 56829 016722 100.634
.2koo .B998 6.18 0268  1.465h 58.2 56905 016846 112,475
.2200 9267 6.12 021y 14672 500.9 56579 016975 126.368
-2000 9527 5.72 0175 1.k657 503.7 <3705 01712 142.906
1800 9TTT 5.28 0136  1.h7iC 506.8 57121 017258 162.9%¢
1600 1.0016 L 0103 1.473L 510.2 -57189 LOLTRLS 187.693
.1koo 1. k.30 0oTh 14743 51k.0 57257 .OLTS69 219.50
1200 1.0k64 3.7 0051 1.4753 5184 57323 o178 261.%9
1000 1.0689 3.21 0033 14760 5e3.6 57389 .018010 320.67
L0900 1.0813 2.92 0035 1 526.6 5Tk22 0181k 360.43
0800 1.0957 2.63 0019 1 530.1 57k5h 018285 410.89
o700 1.10k1 2.3% 001h 2 53h.1 5TR8T 018852 L77.48
0600 1.1408 2.05 0009 1 539.0 57520 018630 570.38
0500 1.1855 39.53 1.778 0008 s45,2 57554 01883 T11.29
.ohoo 1.2748 39,01 1.530 000} 553.8 5 019 55614
.0300 1. €h.st 1.381 0002 567.8 57620 .019TLT 1h89 .86
0200 2. B3.51 1.201 0001 595.0 5TékL 020495 001
0100 3.4903 90.00 1.087 0000 6775 L576%S 021883 10470.8
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TABLE XVIII.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY
TNTO ATMOSPHERE OF VENUS; V4 = 1.02, Gy = 0, Zi = ViX1078, Br = 900 - Continued
(b) 74 = -3.09, ey = 0.06608

v z -7 i s l oy =g A
ceg 3 T T ¥
1.000 ©.0000010 3.000 Q 2.000
1.020% 0000026 2 02050 001066 000
1.0210 R oh1k3  Lo02337 00
1.021% 0000182 06296 00120 001
1.0220 . 2,500 08552 .00k335 001
1.0225 0002481 2 11066 005901 ~00%
1.02291 .OOCTL69 2 4792 007302 021
1.0225 00200k H By -oo3k4s 059
1.0220 002941 2 .18237 L00BBET 086
1.0210 LOOKETE 2 .19355 00936k 135
1.0200 < A 20078 3 a7
1.015C 013093 =397 B 010532 <37
1.0100 015755 K 23117 011001 LSBT
1.005¢ 0R5aT ST9% 2 .gri3eh 76!
1.000G ~0327% B2 2 011572 931
995 03907 1.186 2ligal LOLLTTE 1.178
B Ok 1,388 25326 011568 1.376
9800 05795 1. 70k 3 012231 1.77h
9700 OOk 2.05 .26810 012458 2.178
-9 -08; 2.3 26950 01250 2.588
5500 09515 2.7L 27329 012818 3.005
. 10745 3.03 27661 012963 3,429
230G ~11973 3.34 27956 L0L3055 3.862
9200 13199 3.88 28223 .0L3R15 k308
920C .1bhak 3.9k .28 0 4.755
9000 15647 ER-] 28689 013429 5.216
.18092 2.711 5.7 29087 013615 £.168
2054 2.775 5.3 2953k .013781 7.165
2298 2.843 - 29Th2 013933 £.207
25h3 2.91h 6,24 30019 DrhoTz 9.30%
27187 2.99C 6,65 30270 .0Lk20L 10.551
3032 3.06% 7.1¢ 2559 8050 2459 .30501  .01%323 11.662
L3278 3.152 T.57 2883 8291 252.2 +30713 016438 12.938
3523 3.2k0 7.82 2796 3516 2ob 4 L0910 .01ASHS 14284
769 3 8.34 2701 8723 2564 31093 DIRESY 15.705
L4015 3 853 8916 258.4 .31265 014755 17.208
L L261 3. B.&y 014853 18.800
.h508 3.6 §.93 014949 20.589
R 3. 9.13 015042 22,284
5000 3. 9.3C 015136 24.19%
5246 3. ERYY O15228 26.231
sz k.13 9.5 015312 28,507
5737 &.27 9.6% 01! 30.7%
.5gfi2 PRy 9.69 st 33.234
6226 by 9.7L 015573 33.920
E469 L.76 9.70 015659 38.815
b7 b.ghk 9.66 LO15TH3 L1 gy
£952 5.1k 5.5 013832 45,377
7P .35 9.49 015918
LThet 5.%8 3.3€ 016006 53.0%3
.TEER 5.54 9.19 015095 37.h65
T59h 6.1 9.60 016185 62,320
L8123 6.5 BT 016277 £7.683
8348 £.75 .51 016371 73.6%8
.8569 7.2 8.23 016557 80,33
878 7.5 .31 016567 37.858
.BgaT a.01 T 016670 %.ig
9203 &.55 ! OLETTT 106,183
19501 9.17 & 016850 117.57
19593 9.90 8 017009 130.813
87T 10.77 5 017136 1hg 689
9952 1.8z 5.37 017273 165,866
1.0019 13.13 b .Be JO1THZ2 189.73%
1.0981 14 .80 b3z 017588 220.30
1.0b41 17.03 3.7 OLTTTT 261.03
1.0616 .1k 318 017998 8.4
1.0720 22, 2. 018126 357.33
1.0858 24,8 2. 018270 Lo6.8o
1.1022 28,2 2. 618436 k2,37
K 1.1286 32.81 2.2 35 0184313 564,30
. 11782 9.0 1 0006 1.1038 8.0 34313 018880 Toh .52
L0lo0 1.2662 49.13 1.5 000k 1,1039 356.8 LB og212 949,65
0300 14867 64.63 1. 0002 1. n.e 3381 019710 158678
0200 z.0aG11 73,55 3. L0001 1.10%2 398.2 .3kbo2 .020h90 3001.6
Kol 3.k903 30,00 1. L0000 1.103 4o.7 3kh05 021878 10470.9
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TABLE XVIII.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY
INTO ATMOSPHERE OF VENUS; T4 = 1.02, Uy = 0, Z4 = ViX10™8, Br = 900 - Continued
(c) y4 = -4.09, ey = 0.08056

v -7 -2 3 H v ) = z
v z e = a l 3 see 2 I = Jir e
1.6200 0.0000010 4.000 0.,0000 0.0011 @ o ° o 0,000
1.0205 0000026 3.966 .0001 .00LT 0006 12.3 01530 001065 000
1.0210 K 3.930 0002 0028 L0016 2k B 03080  .002235 200
1.0215 0000181 3.893 0006 00k 0033 3T.h 58 L0032tk 001
1.0220 K 7 3.853 L0015 007l 0060 0.5 06285 .00k315 001
1.0225 0001393 3.810 .00h3 0125 G120 6L 08027 O05kE2 00l
1.0230 0005420 3.7%3 0166 L0248 0230 82.8 10311 006952 016
1.02308 0010092 3.726 0310 .0336 0320 g91.2 T 007682 030
1.0230 LO0LEBTE 3.703 043! k19 98.3 1247 008254
1.0220 00622 3.6% 117 Ryt Q709 n2.3 1koo2 009383 136
1.0210 006532 3.842 .ae L0877 0875 118.0 W3 00983
1.0200 B 3.631 .2T8 1002 1007 121.9 15191 010140 268
1.01%0 019239 3.605 J1hbo 1480 132.5 16516 LOL0578 569
1.0100 .01 3.55 817 17k L1825 138.5 177 Lonkay .B6o
1.00%0 .0, 3.590 1.1 1986 2109 k2.6 ATTSS LTS 1.149
1.0000 LOBTE8 3.589 1.337 288 2357 145.9 18155 .O120CT 1436
.9950 .05720 3.5%%0 1.708 23z 579 8.5 18579 .o12210 1.7?
9900 0665 3.5%92 1.97h 514 2782 150.8 18753 .012383 2.0
.9Boa 08578 3.600 2.9 2768 .43 15%.5 15202 LOL2664 2.595
3700 1031 3.611 3.00 2973 .3ké2 157.6 19562 .olafox 3.183
9600 12087 3.623 3.%8 1% .37h8 150.1 19863 LOL3061 3.771
9500 13869 3.638 3.95 EE(CI o b 162.3 L0122 L0L32ké i.380
9500 15636 3.653 b1 251 16h.3 20350 013391 4.990
930G 17390 3.670 4.85 3478 RS 166.1 20553 LoL35 5.610
9200 -1g132 3.688 5.2 3551 .85 167.7 20736 013639 6.239
.9100 2086 3.706 5.69 4882 169.2 . 20904 6.877
5000 2258 .76 6.10 3651 5068 170.6 21058 7.527
.B800 . 3.767 6,86 303 L5812 173.2 21334 8.857
860G .2933 3.812 7.57 ank 5722 175.% 21577 10.231
Bho0 L3263 3.B59 8.22 3604 8005 177.5 21793 11.655
8200 3589 3.510 8.83 3648 6265 179.5 13.132
.Booo .3911 3.963 9.39 L3580 6505 181.3 22166 14.665
7800 RY4 b.020 9.89 39k 6726 183.0 22331 16.2%
7600 4539 k.080 10.35 3393 6931 1846 22483 17.919
.Thoo . b.133 19.76 279 186.1 22625 19.648
7200 5149 4,011 11.12 136 187.6 22755 21.153
7000 . 4,282 11.hk 3025 THEY 189.1 22885 23.339
6800 .5T38 k.357 11.71 2888 7618 1905 23005 25,314
6600 6024 4,537 11.93 2THT 762 191.9 23118 27,384
.6%00 6306 4,522 12.11 2602 B 193.3 23227 29.5"
6200 £581 L.612 12.2% 2456 .Go22 194.6 23330 31.8ks.
6000 6851 4.708 12.33 2308 8138 196.0 23430 3%.255
.SB00 L7115 4,811 12,38 2161 .Bakd 197.3 23526 36.801
5600 1372 4921 12,39 2015 'Bm 198.6 23618 39.49%
5400 .T6ah 5.08 12.35 1871 8 200.0 2307 ka2.353
5200 7868 5.17 12.27 70 8532 201.3 23793 392
5000 8105 5.30 12.16 .1592 861k 202.6 23877 3.633
k800 8336 5.45 12.00 15T 8691 20%.0 23958 52.098
600 8558 5.61 11.81 1328 8761 205.% 25037 55.81%
5300 8773 5.78 11.58 1203 .aée’r 206.8 Sk 59.815
200 5.97 11.31 1083 8887 208.2 25190 64,138
%000 9177 £.18 11,01 8gh2 29.7 25253 016307 £8.827
.3800 936 6.3 10.68 L0861 .Bogk 211.2 L243% 016386 73.938
-3600 9! 6.67 10.31 0760 .90h0 212.8 aubo6 01667 337
3400 9713 6.95 3.91 .066% 9083 214.5 24h71 016550 5.7
3200 9871 7.28 9. 0576 9122 216,2 .24skh 016636 92.
3000 1.0018 7.6% 2.02 olkg3 L9157 218.6 .2u812 016724 100.182
2800 1.0153 8.05 5.53 0b18 9188 219.3 .2hET8 016815 108.783
L2600 1.0278 8.53 3.02 0349  .9217 221.9 L247W 016911 118.565
2400 1.0385 9.09 7.58 9242 2250 E oL70L2 129.513
~2200 1.0481 9.76 6.92 0232 g26k 226,3 24873 017118 152.919
2000 1.0%62 16.55 5.34 0185 9253 238.9 .24937 017233 158.435
.1800 1.0630 11.53 5.7% 0142 .9300 231.7 25001 L0L7357 177.165
L1600 1.068% 12.76 $.13 0106 \g3rk 2348 L2065 LOLThOl 200.33
.1400 1.0728 1%.35 b5l 076 9326 238.4 25128 ,oL76k7 229,89
1200 1.0768 16.43 3.88 0052 +9335 2%2.6 25192 017822 269.20
1000 1,0820 19.53 3.25 0033 933 2476 35286 018030 k.60
0900 1.0863 21.57 2.93 0025 .93k6 250.6 .25289 .018151 3£2.10
0800 1.0932 2h,16 2.82 0019 .93k 25h,0 25322 01828y 105.95
0700 1.1043 27.5% 2.32 ook L9351 258.,0 .25355 .08k 373.53
0600 1.12% 2. 2.03 o009 9353 262.9 25388 o186k 562.35
Ko 1.1669 38.65 1.7%0 0006 .9355 269.2 .25k23 018884 00,18
of 1.2563 he.fi 1,508 000k 9357 2.0 .25k 019214 542,23
0300 1.5795 65 1.3312 0002 .9358 292.3 L2543 .019T15 175,47
0200 2.0005 83.55 1.200 o001 .93%9 319.8 25512 .020%01 3000.7
.0100 3.4903 90.00 1.0h7 oo L9360 402.3 25516 .omiBgo 10470.8
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TARBLE XVIII.- VALUES OF Z FUIECTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY
INTO ATMOSPHERE OF VENUS; T3 = 1.02, Uy = 0, 23 = ViX1078, Br = 900 - Continued
(a) y4 = -5.09, e; = 0.09600

- = e

¥ : - T “ - =

1.0200 C.0011 o o 0.000
1.020" 01821 001065 .000
1.0213 0U5’ 0BT 000
1.081 03701 .003210 001
.oz SRGTT 004308 -001
1.02¢ 06320 005458 .00k
1.0230 OTH06 006 013
1,023 09300 00795 038
1.023 103318 ] 083
1.082° 11015 009383 138
1.0280 S5 L009TRR 186
1.0210 LgEE 010151 2T

1.0200 L0106k
1.0150
1.0100
1.005 .
1.00G ¢ .16553
9950 .14808
-9 15015
.58 15360
15637
J15858
JBDET
16862
16738
.J65ke
(16669

L1673 .O1hk1i2h

L1001 .014303
ATIS8 OLREL
J17356 014603
L17508 WO14T33
JITERT 014283

ATITS OLU9ES

ST
ST6L L17AGk 15070
STRE 13006 015170
R ST SER T
LTOC 218211 153 29,468
18306 31.858
18334 34,352
J1R8A2 36.95%
18585 39674
L18685 B
18722 1o
18797 48,649
J1RRED
L1896D
15008
19075
19140
-X
19267
19329
+19390
15450
19509
19568 .
19627 115.118
19684 124.082
gl 138,155
19800 145,700
19857 157998
1.1640 L19915 174,605
£ LH0C 1.1597 -19373 282
160G 1.1530 20031 19
T 1,183 2000 20
SR 1.1380 26150 51
00 1,124 20212 22
1.1204 Rk Q18178 37756
1,130 20275 018306 18,63
1.1223 20307 01857 .80.98
1.138g 2030 SOIBEAL 467.29
20374 018874 .19
20510 015188 63
L08R 019699 AT
JB0RES 020691 K]
20862 021880 B

13k
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TABLE XVIII.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY
INTO ATMOSPHERE OF VENUS; V4 = 1.02, Tg = 0, Zi = Vix1078, Br = 900 - Continued
(f£) y4 = -8.09, ej = 0.14481

[ (]

7 T o8 o2
v sec 0 NTE
1.0200 L] o 1,000
1.0205 6.1 00758 -001065 Neod)
1.0220 12.3 01520 .002132 -o60
1.0213 18.5 02208 003205 001
1.0220 24.8 23065 .00428g .001
1.0225 31.3 03866 ~OO5H02 004
1.0230 38.3 0h733 006606 011
1.0234, 43.3 06108 008506 062
1.0230 56.5 . .009721 .185
1.0225 38.9 .07285  .010126 268
1.0820 80.5 07488 L0100k 3
1.0210 62.5 07768 010788 LB
1.0200 64 .4 07968 011062 .620
1.0150 £9.1 08556 012835 1.265
1.0100 Ti.B LOBBTL 012303 1.793
1.0050 137 .09105  .01261% 2.517
1.0000 751 09285 012865 3.180
-99%C 6. 09432 013066
9500 77k 09557 .013237
9800 79.1 09761 013517
910 0.5 09926 .013Th2
L9600 a1.7 10063 013930
49500 fAz.7 110182 014093
Q400 fA3.6 -10287 016236
9300 8.5 .10380 015365
9200 A5.2 L10k65 018481
.9100 5.9 .10542 Bt s (
9000 86.6 10613 014685 |
i
LRB00 87.7 L1071 018862
LBR00 a8.8 10854 015018 .
LRBOD .8 10956 015158
R200 90.7 <11046 -P1528%
L8000 91.6 L1130 .0i5k0R
.7 52.4 1108 015511
7600 93.2 11280 015613
7500 93.9 11339 01570
L TP00 gk.E Jq1k13 015801
K as.3 Aaktk 015888
.6800 96.0 .11532 -015971
E600 9.7 W13 616051
6500 b 11842 016128
L6200 98.1 L1693 016203
L6000 98.8 1173016875
L5800 9.4 211791 016346
<5600 100.1 11838 AP16816
5500 100.8 11686 .016k8Y%
5200 01.5 21929 016551
5000 102.2 11972 016617
LE00 102.9 12015 016682
4600 103.7 12057 .0L6THT
L5500 1064 12099 (016811
5300 105.2 .121k0 016876
5000 106.1 REL 016941
<3800 Ty 18,82 BAETY .017006
L3600 IR 17.93 1002 017071
3u00 1o 16.98 L0870 017238
3200 1 15.92 OTHA .r
3000 3.5 14.95 L0635 017275
L2800 IEN 13.8%9 0933 017346
2600 i 2,79 .GhB1 017419
.2hoc 1 11.68 .0359 317U
2200 1 10.55 0287 QL7577
2000 10 9.32 002k 017662
L1800 .29 0170 LO1TTS 255.88
1600 717 .012% 017855 21017
1600 6.08 .008B 017968 312,03
1200 5.01 .0059 18097 h1.25
1000 1.3337 §.00 L0037 018251 .12
0900 1.3029 3.5 0028 018342
DR 1.2725% 3.08 0020 L0184%7
L0700 1.2443 2.6 0015 018570
L0600 1.2223 2.20 0010 018722
L0300 1.2163 1.825 0006 018919
L0400 1.2558 1.507 000 019202
. 0300 1.a439 1.300 -0002 019677
0200 1.9931 1.196 0003 020186
0100 3.k903 1.047 L0000 02187
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TARIE XVIII.- VALUES OF Z FUHQTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY
INTO ATMOSPHERE OF VENUS; V4 = 1.02, Uy = 0, Z3 = ViXx10™®, Br = 900 - Continued
(e) vy = -6.0°, ey = 0.11198

ki z 7
e,
1.0200 6.000 0.0008 .
2.9
5.95%
J.92¢
5.50
5.87"
5.8
5800
5784
3.7
L E 5.764
1.0210 .CL185E 5.753
1.0200 -01905¢ 5.4
19150 03109 5.73 E
5.7k 1.509
5.7 1.859
5.720 2.30
2.73
3437
3,08
4.78
3:35
6.29
3.76 7.01
DT 770
5.78: A2.37
5.9 o2
5.80 &4
2.83
5.8
TeRE
5.9%
349
B4
6.07-
6.11
&.164
A2l
£.26t
6.32
6,380
6,40
£.51
Ao
- B 1 66T
<5200 1.139% 6.75
L5000 1.165F 6.85i
L4800 1.1902 £.95°
5600 3.1y 707
JLk00 .19
L5200 ¥.32
L5000 7.7
.3fwa 764
3600 7.3
300 2.0k
23290 8.28
3000 n.55
-2B00
2600
2500
2200 3 177.395
~2000 154.7 - 16656 LO1TES 193.411
1800 .58 1570 16668 0175 212,30
1600 5.03 159.5 16751 235,46
Bt 5.34 162.7 -16806 2hk. 29
1200 ¥,35 166.3 -16R61 302.22
1000 3.5 1708 L16919 5.
0900 3.16 173.5 L16GLR 390.01
.ofloo 2.78 176.7 L1607 W3y
o700 2.82 180k 17010 493.95
LOBLY 2.08 185.0 7 57717
0500 191.1 S17076 0523
0400 199.7 17131 929.a%
0300 215, 17166 1462.50
000 252.0 1TIE8 3 6.5
0100 J17ET DRLE 104702
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TABLE XIX.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF VENUS; V; = 1.04, T, = 0, Z; = V;x107%, Br = 900

(a) 74 = =3.0%, e; = 0.09685

- R a ~ - -

v z i -=Z 2 3 N =1 I oy
deg & see B r

1.0400 90000010 0.000¢ 0.C01L 0 C o ° 0.000
1.0405 ©000028 001 L0018 L0005 3 2203 001136 000
1.0410 0000078 0002 L0031 0025 N oblos 002279 000
1.0k15 L0000R21 Q007 L0052 L0053 'S 06910 .00343B 001
1.0820 COAE58 0021 .0106 1 5O 004450 o
1.0425 .Loo2b31 0076 0n 0228 1 12861 006101 007
1.04265 0003900 0185 c270 0377 & 15249 007086 017
1.0425 0011609 a.230 0363 0378 0552 T 17133 007838 033
1.0420 002051 2.19% OELT 0502 0961 7 18786 L00BYTL 059
1.0410 003436 2.085 1073 -O6h8 1017 el 20338 E
1.0400 .0CkET6 2.0u4 145% 0754 1209 4 212391 009389 135
1.03%0 010839 1.940 318 .1103 1880 2 23811 010265 297
1.0300 J015393 1.8wR W76 1336 2365 ;1 25182 01072k 8
1.0250 €2036 1 526 1518 2767 26146 -0L10% 596
1.0200 1 M .1668 3117 26897 011282 b1
1.0150 1 914 .1797 3432 27513 011480 .
1.0100 1 1909 3720 28038 011548 1.030
1.0050 H 1.186 2008 3987 28595 .012793 1.174
1.0000 N 1.318 2096 w236 .2B901 -olige2 1.318

5956 1,448 2175 W7 29266 012038 1.563

19900 1.577 .2eb7 k693 29557 012153 1.609

-5800 1.5828 2370 5104 .30182 .012330 1.903

9700 2.07 2473 5481 30687 012492 2.202

9600 2.3 2557 5828 31331 012636 2.506

.9500 2.5 2628 €152 .31520 012766 2.818

. > 1.9 2.77 2685 6453 H 31886 012885 3-136

13306 1 2.95 2732 6137 C .32212 0! 3.461

9200 1. 3.21 2770 7005 ¢ -32512 013097 5-795

-9100 a. 3.b3 2799 7258 1 .33790 013193 h.138

9000 2. 364 2820 TG a 33047 .0132B4 PR}

.88oc hos .28l 7944 .013h52 5,223

8600 4. bk 2845 8349 013606 £.000

8400 4.82 2827 8713 013749 & B2t

8200 5.18 2793 013883 7.700

.Booo 5.52 .26 9371 014010 8.632

7800 2503 2 5.86 2688 9659 018131 G.626

7600 2707 2 £.17 2620 -9925 -01k2hk7 10.685

LTROO 291! 2 6.47 2543 1.0172 014359 11.816

7200 .3126 2 6.75 2hsg9 1.0040 014467 15.026

7000 23341 2 7.G2 2370 1.0612 014572 14320

6800 -3560 5 7.26 2275 1.0808 018675

6600 L3783 3 7.49 2176 1.0990 LOINTI6

L6800 Jkocg ) 7.70 2075 1.1150 - 36685 015874

.620C -h238 K 7.88 1570 1.1316 36887 018571

L6000 RN 3 8.05 1865 1.1461 37001 015067

5800 4708 8.19 1758 1.1596 L3TLHT 015162

5606 L4048 8.31 .1651 11721 .37286 015256

L5MOU 5190 8.4 1583 1.1836 .38l 015350

5200 5436 8.8 1438 1.1043 1754 015443

5000 5684 8.53 .1333 1.2041 .37665 015537

4800 5935 8.55 1230 1.2132 37780 -015630 17093

60 .6188 8.54 1129 1.2216 37891 015724 0,355

B0 L6hU3 3. 1031 2: 37997 .015818 4506

420G 6699 8.5k 0936 1.2363 38099 “«T

3000 L6956 8.35 oBul 1.2k27 38137 =N

3800 7215 8.22 0736 12485 38292

3600 SIhT3 7.971 0672 1.2533 B3B3

-3%00 <7731 7. 0553 1.2587 BT

3200 .7 1.67 0518 1.2630 189557

3000 82ks 7.82 ChluB 1.2657 3B6k0

2800 L8498 7.02 L0382 18720

2600 B7hy .69 .o3z2 38798

2500 .Bgas 6.38 -R68 .3887%

2200 .9236 6.10 .0218 38948

2000 9472 5.51 O17k . 19020

+1800 9700 5.5 0135 39091

-1600 B .76 -0102 -19160

.1k00 1.0137 k.26 .00TH . 39229

1200 1.03%2 3.73 .0051 - 39296 K

1000 1.0578 317 .0032 39362 018011

0900 1.0705 2.89 .0ges - 59395 .01k

050C 1.0856 2.61 -0019 .57428 018252

0700 1.1050 2.32 0014 942 .018b10

0600 1.1330 2.06 0009 39HF5 Ruti o]

L0500 1.1797 1 0006 9529 J03800n

-0lOC: i.2717 1 000k 19563 019238

030C 1.4898 1 0002 19596 0197345

0a0¢ 2.0012 1 .0001 S0BLT 020512

0200 3.4505 1 0000 0 0R1IO0
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TABLE XVIII.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY
INTO ATMOSPHERE OF VENUS; Vi = 1.02, Wwa = 0, Zi = ViX1078, Br = 900 - Concluded
(g) 71 = -10.00, eg = 0.17815

10. o1 ¢
a. o7 .UKZ 00106
3. 028 0008 132
ER Wh5 L0013 00320
3. 073 .0023 -ookash
9. 20 .00k 00538
9 0203 .0OT3 00655
q %o3 0148 00608 §
2 L7 0203 .0087S
2 705 0263 -00932-
9 0oy L0373 21009
8 12 .0koh 01071
L 15h2 0380 011973
9 CH60 0113k
9 093 012123
a. 1162 012567
) 1112 01288
3 1461 .01312
g.827 1593
9.027 1716
2.830 1934
3.838 2127
3.8%9 .2300
3.BE4 2458
9.8ug 260k OLaRG:
9.855 .27 07h&E
0.862 2567 ORLT
9.965 7 0ok
2.876 3100 Oxeghy
9.891 .3309 .01511
9.907 L3498 019271
9.925 -T2 015814
9.9k L3831 015529
9.6 3978 .C15656
9.985 23.96 SE& §11% Rokay 42,671
10.007 .00 .5hBa U2kl 015864 b6, 7h
10.032 ar.90 5281 4350
18.057 K= 6 3570
10.08s 2,26 5839 5573
10.13% STH L&k 4883
10.14% :1.08 hg2 BT
10.178 230 W16 ks
10.21% 19.39 .3869 W23
10.232 RN 3621 s
10.296 2.20 33T L3067 8.5
10.338 3.94 23133 29133 1.0
10.387 £3.%6 2895 L5194 8.8
10.439 .08 -2662 3251 2.1
10.496 _3.50 BA3T 5304 .7
10.55¢ 221y 3
10.627 L2008 9
10.702 1809 5
10.786 1618 1
10.87¢ . 1h38

1310

-0962

Re:=

0701

0588 .6

GhES 2.

.039% %2

0314 .0

0285 EENY

0185 975

0136 95.9

5 .59 Wi

0063 5799 103.7

0¥ 585 107.3

L0029 5808 .2

o022 5810 -7

0015 5812 7

0020 5818 5

L0006 S5 123.3

000k L3816 1110

o002 5818 L

o001 Bme iT3.2

0000 5820 236.1
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TABLE XIX.- VALUES OF Z7_ FUNCTION AND RELATED QUANTTITIES FOR BALLISTIC ENIRY INTO
ATMOSPHERE OF VENUS; Vi = 1.04%, W, = 0, Zi = V;X107%, Br = 900 - Continued

(¢) 75 = =5.0°, ey = 0.11918

a — - —z
v L 7 -= [ [ -y TTL
Aot € r v
1.0400 £.000C 6.0011 O ° .000
1.0405 0061 0018 L0145 000
1.0410 0002 0031 0015 00227k 000
1.041% olo Ve L0052 0030 L0034k 001
1.0%20 o .0088 00 00kE00 002
1.0%25 00L1 L0156 0110 6k 006
1.04297 Jim 0379 0287 0078LY 033

1. 4508 Lidi 0661 0516 1005081

1. W hBy 1l L0796 0626 009495

1. Lbss 4 .0988 0796 B

1. . .h38 137 o912 .010301

1. 2297 4392 21652 L_;,gg 011163

1. LGITT $.37G 2008 1 011629

1. .0hE32 4.358 2289 19%0 011953

1. LC5TT2 4349 252k 2182 012203

1. 15900 4.3ub 2126 .23%0 012407

1 08017 1,381 .2903 .2 012579

1. .09125 333 -3059 2755 012729

1. .ie28 4.339 3198 2918 012861

150 4.333 3323 -3072 012973

00 4.340 3435 .3217 013087

3300 4.345 3629 3486 .013276

3700 4.351 3787 -3732 013439

5400 4.359 3917 -3959 013583

L3500 4,368 JBIT0 013712

-9ho0 4379 k106 4367 013829

3300 4.390 k173 5553 013936

9200 Eex) k223 4729 014034

29100 44316 K259 A5 O1412€

-5000 5,330 283 -5053 014212

8800 L5500 560 k208 53T 014370

.8eo0 . 886 L. bk w2 5615 014511

8400 L4264 4.530 1223 5862 UEDT

8200 L4635 L5639 4145 OL4T6C

8000 L 4.510 4047 6301 014872

354 L. 555 -1932 8497 014376

TR b2 .3 . 015075

FOZ .753 et =) L6850 015165

3Tk is.807 3512 7003 015259

698 864 3355 -7158 015345

013 4.506 3193 “TRFT 015428

7320 4.991 3028 N 015503

619 5.061 2660 7549 015588

1908 5.136 2692 7663 015665

8188 4216 2523 L7770 15740

Hhs8 2356 78T 015813

.8719 2191 27963 015886

.B970 2030 8O0 015358

210 1871 8132 016029

B 1716 .B208 01£100

L2658 .1569 .Be: 016171

5865 5.984 .1has B3%h 016242

1.0060 [ 14 1288 .Bho5 016313

1.0242 £.30 1157 8361 3 016385

1.0432 548 1032 .8513 172.0 20159 .018H57

1.0567 69 0915 8561 1733 .20223 016531

1.0709 92 Bé&05 1747 20285 016605

1.0836 7 o702 B64E 1762 20347 016682

1.0948 13 S 8682 177.7 20409 L016761

1.1065 179 0518 8716 179.3 20670 016842

123 B.16 o8 BTHE 181.1 20530 .0M6927

1.1284% 8.60 0364 8773 182.9 2 .01701%

1.1227 92.12 0299 B797 18,9 20650 .017108

1.1251 4.73 e=1% .8818 187.0 20710 017208

1.1256 10.48 0190 8837 18%.4 20760 .01TAle

1.12%1 11.33 0YRE 8853 20829 L017H29

1.1207 L:.56 0108 8865 20890 017557

1.1158 14.08 o078 8678 20950 .017701

1,100 1.1% 0053 8887 .21012 017866

1.:051 10,00 0033 8895 .2107% 018064

Q900 1.5082 110 OR6, 8898 z 21106 015180

.0B0O 1.:058 &5 -0019 8901 [ ,2113% 018112

.a700 1322 99 .00Lk .8903 ¥ 2171 01847

.0RDG 1.:280 S 0009 8505 b 21205 .O1B4SH

1.1651 03 1 0006 .8g07 7 121239 01883

1.2497 15 1 000k N 5 21Th .019218

15734 h.23 1 -0002 8510 il 21308 019721

19998 554 1.200 0001 L8911 Sag 21330 .020511

1. h906 .00 1.047 0000 8912 sreild 21333 CR1II00
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TARIE XIX.- VALUES OF % _TUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF VENUS; Vy = 1.0k, Ty = 0, % = V3X107®, Br = 900 - Continued

(b) 74 = -4.0°, e; = 0.10720

v z 7 - Fl < * =
dey E zeT -

1.0800 .00 00000 0.0011  ©

1.0805 3.9 0001 0018 7

1.0410 3.85 0002 .0031 0018

1.0%15 3 ~000T -0052 0039

1.0820 369 0020 0082 0075

1.0835 3.6 0065 0160 0187

104284 348 0272 L0331 0323

1.0825 3.507 6731 L0536 0543

1.0420 3.36 ~3led JORAY

1.0610 3 17 L0837 0875

1.0400 3. 241 L0963 108k

1.030 3 523 .15 S1ShT 134.7

1.0300 3. .89 1720 BL-13 1613

1.0250 1961 L2236 145.9

1.0200 2162 2507 3.5

1.015¢ J233% 2750 155

1.0100 2081 -2971 154.9

1.0050 26 317 157.1

1.6000 2736 L3361 9.1
9950 2Bk 35HT 160.8
~900 2938 -3737 1825
2800 3103 .5031 165.3
9700 3238 h3ig 167.7
L9600 33k 5Bl 169.9
9500 3440 4831 171.9
3400 BT 3312 5062 173.7
3300 5.11 EUTI N -ye) 1755
P00 5.7 3615 5a8k 1710
-9100 5.82 3647 5678 178.3
5000 £.16 3660 LBER 179.8
880G 2373 3.330 6.79 -368% <5205 182.3
B50C 2863 337 733 3670 +6518 1847
. L3I0 3.hah T.94 3630 6806 186.9
Broc 23833 3.b70 8.b5 568 L7071 188.8
8000 37 3.532 8.91 3bB8 7316 120.7
- 76800 +3991 3.5% 3394 STEHE 192.5
7600 26k 3,65 .3288 1155 196.2
<400 -k535 3.724 R 79 195.9
T 4802 3.79¢ 3048 B135 197.5
OO0 SH066 3.812 2918 8306 199.1
£800 5327 3-993 2753 200.6
.6600 L2584 3.0%0 268% 202.1
f=tos) 5838 %131 2504 203.6
200 L5088 b.220 2362 205.0
£000 L6335 4313 2219 206.5
5800 L6577 3.4 2078 207.3
5600 683 3.563 1938 209.3
200 L7051 b.5%0 1799 210.8 .
5200 .7281 4.827 2 Q2.2 N5 G157
5000 707 4974 1532 213.7 25549 L0584
L4800 7728 5.13 21,13 1503 215.2 L5637 025923 8,300
RS T4y 5.31 10 1279 2
8500 8155 5.49 10.76 J116G
1200 JB381 5.70 10.53 1045
5000 8561 5.92 10.27 0236
.3800 875k £.17 9.9 L0833
.3600 .89 6.4 3.66 0735
Ja00 g1z £.75 3.30 R
3200 -9295 7.09 8.5 0558
3000 9461 7.48 8.5 -OkSEG
2800 9618 7.91 8.08 L 0hO7
\2600 9787 8.42 T.62 L0341
2500 08 .01 7.13 .0e81
2200 1.0036 3.70 .62 .27
2000 1.0159 16.53 .09 0180
.1800 L0265 5.54 a3 1 2hy,
1600 .38 .G10k 1. .
1500 .39 £0T5 1.0236 251.5
L1200 3.80 L0051 1.02k6 255.7
.1003 3.15 L0031 1.025h 200.8
0000 2.90 L0025 1.0257 263.8
0800 2.60 L0019 1.0R&0 251.3
L0700 2.31 L0014 1.0262 2704
0R00 2.62 0003 1.026k 276.3
0500 1.751 L0006 1.QR66 282.6
Bt 1.511 L000%  1.0267 291.4
0300 1.357 0002 1.0268 305.7
0200 1.201 .00l 1.0270 333.0
0100 1.647 L0000 1.0271 315,56
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TABLE XIX.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF VENUS; V; = 1.04, Ty = 0, Z; = V{X107%, Br = 900 - Continued

(e) 74 = -8.0°, &5 = 0.16093

- _ ar = N 28 -
: RN ERE
9.6000010 0.0011 O Bl < 0.000
0000028 o018 .0003 6.4 o013 000
CO00OTT 0031 L0009 12.9 Q162% .Do2272 000
£0000217 co52 0019 19.4 02h8 003417 Q0L
L0061 o087 .0035 26,2 03287  .0okSTB 002
1831 0150  .0065 13.0 ob166  .005TEE 005
019584 okgz 0226 .3 0609k . 00Bkxg 056
L0TRLT 068 a .oTg0 . 213
229998 1108 .0522 a .0T437  Lol0231
CLBTR2 1342 L0636 5 LOTT59 010464 325
19238 1530 L0729 3 .07986 010961 555
hou7 2192 1063 2 08601 011792 1.173
15091 2657 .1307 o Lofghs o125 177
327 L1508 09186 01257 2.370
3336 L1684 09373 012823 2.955
3602 18k2 09526 .013026
3833 1985 09655 .013158 k157
Lok a8 04757 613347 5755
boos 2242 3 CL34TG 5.355
4390 2358 09953 613598 5.958
4538 .2h65 10036 013705 6.562
w793 2672 10178 013895 7.781
.2858 10300 .01%058 $.010
s1ire 3029 10408 . 014201 10.252
5310 L9189 1m0k 016329
5420 -3339 10591 LOLBbhE 12.776
L5306 3480 L106TL L01h552 14,059
5571 L3612 LXOTHRO1BE5D 15.357
5617 L3738 10812 01hTHL 16.
5646 L3 10876 , 016826 17.997
5661 LLOEL 10992 .01bg82 20,702
5626 U285 11096 015121 23.47h
3552 LT3 .11190 015249 26.319
shi3 L UENE 11276 015366 29,250
5308 k80T L1336 L0L5Te 32,281
5150 L6957 & L1831 LDL5576 35.38
ho73 509 3 11501 .C156T1 .
W82 5227 bl X567 015762 §1,781
5 L5348 ) 163¢ 015848 ks, 158
4368 JSuE2 4 11650 .015931 L8645
s 5568 94.1 JLLTHT 016011 52.249
3927 3670 96.8 1 016087 55.978
302 576k 97.5 11855 016161 59.841
3677 5852 98.2 11906 016233 63.849
3252 L5934 93.8 L11355 016303 68.012
3030 012 S 12003 -016372 12,343
211 L5085 2 .1205¢ 016439 76.856
2596 6153 g 12096 016505 81,567
2388 E216 5 L1210 L016571 A6, gk
2185 6276 3 12186 016635 91.657
h8oo 1..533 198 6332 193.0 (22t L0669 97.080
5600 15761 182 638k 103.7 12270 016762 102.759
koo 1.4960 1622 J6h32 1045 12311 016826 108.817
JA200 1.6126 1452 LEMTT 105.3 .12353 016889 115.200
L5000 1.L264 1290 L6518 100.1 L2394 016653 129.213
+ 3800 1139 L6556 126334 LOL701T 129.213
.3600 0997 652 JA2875 017081 136.956
3400 0865 6624 .12515 017147 1k5.287
3200 oTH3  LEE34 12556 .OM7RIk 15k.298
5000 1.0k10 0632 .66B2 .12596  ,017282 164,105
L 0530 L6706 .12637 .017353 17%.855
2500 ou3e 6729 12677 017426 186,738
2 0357 .6THY 1279 .017502 200,01
<200 0285 6766 .letel 017582 215.00
L2000 0223 L6782 12803 017668 232,18
.1300 05 L6796 3.9 12847 .OL7760 252.24
11600 o1k 6808 1g2.1 12892 OITB6L 276.21
L1400 .6818 12k, 7 (12938 L01]ITH 03. T
1200 1 0058 L6826 127.9 12986 018103 343.63
.1000 1 0036 6833 131.8 13037 018259 395.22
1. o028 L6835 13,2 Bk 018351 129.29
1. 0020 6838 137.1 +13091 018456 472.00
1, .o0lb 68U 1ho.% .13120 018581 526,19
1. G010 L&l 1his ¥ 13150 01873k 506. 30
1, 6044 150,k 13182 .01893Y 725.65
1, 635 156,45 13216 019220 939.10
1. 6845 172.8 13252 019699 1lkh ¥g
1. 6818 201.2 13275 020507 2990
3. &8k 263.9 13279 .02153C 1ATL.6

1h2



TABLE XIX.- VALUES OF Z _FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF VENUS; Vi = 1.0k, Uy =0, Z; = VinO"e, Br = 900 - Continued

(d) ri = —6.00, ei = 0.13233

-y . — s - zZ
v z aeg - gi 1 T v s=c B I = B 7
1.060G 6.000 9.0000 00011 & Q a ) 6.000
1.04G8 5.952 0001 o018 000h 8.6 01085 L001335 <000
1.080 5.90% oo 0031 0012 17.2 .02180 002273 -000
1.0825 B 5.858 0007 0052 0025 26.0 03294 00321 001
1.0420 0000624 5.80k 0020 0088 0oka 35.1 .OOUS50 002
10425 -0001500 5.748 0060 -61530 _ 7 95663 005827 005
1.0430€ 0015330 56Uk ohls . 0262 62.5 97913 .0080%2 c4l
1.0425 008807 5.581 150% 0788 olgo T3.2 09283 S009k3T
1.0b20 ,0067h1 5.563 ity 0910 0! 7.3 668
1.0410 OI02ET 5.5%2 .39 138 0724 80.0 10146 01084
1.0800 013505 5.5 b2 1282 083k 82.6 10466 OLO56E
1.03% 0 5.492 897 .18 3 S;.E 11347 o1tk
1.0300 0436 5.375 1.348 = 1526 93. 11831 01186z
1.0850 05812 5.46h 1.787 258 ITR $6.1 1
1.0500 eyt hl 5.458 2.22 .a28a7 1 g8.2 12430 2.
1.0150 .DBESS 5.454 2.68 305t ~2352 93.9 3 2.
1.0100 10057 5.551 3.05 .3251 2321 101.4 12824 a.
+11850 5.450 345 .3h26 a7 w27 3.
12832 5.459 3.85 .3882 2624 103.8 13139 3.
14206 5.450 b2k 3722 2761 108.8 k283
15571 5.451 5.62 3848 105.7 3,715
.18278 5.k 3.37 R 107.5 5.%9%
LBOYS 3.459 5,10 Jhaliz 168.8 .41
2360 LR} 5,80 4387 110.1 7-376
2622 5.473 7.7 RTS 111.3 8.280
2881 5.481 5.13 -ba08 -3917 112.3 014080 9.19%
3138 5.500 3.75 bg L4083 113.3 014187 10,15
9200 -3391 5.0 .36 Pyl ko 11h.2 OLiREs 11.059
9100 3643 5,511 2.94 ATEB 4388 115.1 024377 12.00¢
<9000 3851 5.52 10,51 793 4529 115.9 014kE2 12,970
8800 4380 5.556 11.56 792 1I7.5 24,9356
8600 858 5,573 12.;3 2} L5032 18.7 16.94%
-8ho0 5325 5.602 13.52 Let) 5253 120.0 1.0
8200 5781 5.633 22 .5k57 121.2 21.1
.Booo -3 =.566 813 »517 5636 122.3 23.347
7800 6660 5702 K] 538s 582 123.4 25.624
7600 5.T40 15 b237 . 12k, 4 27.954
L7500 5.781 63 3077 6138 125.4 30.3
7200 583 oh 7 281 1264 2.8
-Teo0 5.870 B 3730 6415 1274 5.4
6800 5.920 5 3586 6540 128.3 38.163
6600 5.973 - 339 .66 129.2 0.950
6500 §.0%0 a 3170 6767 130.1 £3.8:8
6200 6£.091 3 2580 BATO 131.1 56,89
L6000 6.156 2 2750 6967 132.0 50.063
5800 5.227 75 2602 7057 132.9 16087 016034 53.389
#5600 5.302 J2h17T T2 133.8 16151  .016104 56.813
SBB00 6.384 63 L2236 ST 13%.7 16213 016173 6¢
5200 6.473 38 2058 .7295 13%.7 16273 016241 £l
5000 6.569 08 1886 L7364 136.6 16332 Relxi:) £8
L4800 £.67% .12 .1720 . The8 137.6 .1639C J0I5376
JB500 6.789 532 L1560 L TWBR 138.6 16447 LOL64E3
koo 6.316 R’ .1ko8 Rl 139.6 16503 LU18519
k200 7.95 35 JET- T IN ¢ 1h0.7 16588 L0165
hooo 7.2 80 usk  .76k3 .8 16612 016645
3800 7-3¥ 1421 68T 1k2.5 16666 016714
.3600 7.51 13.59 8T2 7728 b1 16719 016784
3400 7.9 12.92 ST TT55 W5.3 16772 L6856
3200 8.0k 1z.28 ; 16,6 16825 016923
L3000 B.32 11.%5 9557 .83 8.0 16877 L7004
L2800 B.65 19.;2 oh&g 7858 1%5.% 16929 -0L7082
L2500 9.03 7 030 L7883 151.1 16982 LGLTi6;
2800 9.58 #.17 038 7906 152.9 L1703k Loa7abR
2200 10,02 536 0256 JT926 548 (17087 01733y
2000 10.68 i o200 J75h3 156.9 TG 0LTRI
1800 .51 3yey M3 TR 159.3 ATI9% 0175k
1600 12.56 -89 13 LT 161.9 .172h8 017657
.1k00 13.95 u.07 Q081 7982 165.1 17304 Q17782
1250 15 87 s.27 005k THSL 168.8 17360 017939
1000 18.64 3.9 3 999 173.b athe  .o2f121
0900 20.58 in 0026 .Boog 176.1 17450 018227
0800 22.98 275 201y 8004 179.3 17881 018351
L0700 26.21 .40 o0l .BOOT 183.1 AT 018495
0600 30.65 .06 X009 BOOS 187.8 17545 018671
0500 3T 1.755 D006 8010 018895
“okoo ir.20 1.ugk L2008 12 1761% Loigms
.0300 £3.65 1.317 002 8013 A7EE 019713
0200 8348 1.199 L9001 8015 ATETL 020510
0100 90.00 1.087 000 816 L176TH 021900

141



TABLE XIX.- VALUES OF 7 _ FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF VENUS; Vi = 1.0k, Tg = 0, Zi = V4X107%, Br = 900 - Concluded

(£) 75 = -10.0°, ej = 0.1913k4

A}

v -y ar 3 3 s - Jir &
v & deg P 4 l A se = l %

1.0800 0.,0000010 0.000C 0.001L © o 5 o

1.0405 .co00028 0001 5.1 00644 E

1.0820 LO0000TY 0002 10.3 012g2

1.0815 0000216 0007 15.5 fotl]

1.0520 0000613 0020 0.8 02607

1.0425 -0001795 0056 26.3 -03293

1.0430 0005927 L0185 3.4 04059

1.06327 002873 L0773 39.7 24978

1.0630 006517 .20% uh,7 9550k

1.0425 020154 A7 1.9 . 23

1.0120 013353 a7 B34 06069

1.0430 L0197 603 50.3 06309

1.0%00 02500 g@ 51.6 064 TT

1.0350 05191 1.612 55.4 06956

1.0300 .07 2.m 516 07223

1.0250 10337 59.1 +O7811

1.0200 -12858 £6.3 07556

1.0150 15356 61.2 07675

1.0100 1783k 62.1 LOTTTS

1.00%0 . €2.8 0786k

1.0000 227 €3.% L0798
9950 2517 64.0 0801
9900 2758 63.5 -0BoTh
9800 3236 65.5 08185
9700 -3709 66.3 08280
9600 k176 67.0 08364 E 13.089
.950C 4637 677 .08l .01k597 15645
.9k00 5008 Fl 68.3 08508 L01BTL3
29300 L5545 3. 8.8 08570 014819
3200 5990 9. £9.3 08627 014317
5100 B53 3.6 3.8 08680 .01
5000 6865 3.7 T0.3 08730 015093
.BBOO LTS 2.73H 20.37 i1 08821 015248
8600 85% 9.733 22.06 T1.9 oBgoz 015388
.8hoo 9350 9T+ 23.5%9 2.6 0B9TE 01551
8200 1.0146 .76 k.96 3.3 09043 015631
8000 1.0909 . THE 26,18 3.9 09106 015739
B0 1.1649 27.26 %.5 09165  .0158%0
7600 1.2368 28.19 75.1 09220 013935
~Th0 1.3035 28.98 75.7 09271 016025
7200 1.3720 29.64 76.3 09321 016111
7000 1.4360 36.16 6.8 09368 016192
6800 1,492 30.5% 7.4 o913 .GLE2TL 55,053
BE00 1.555T .Bo 1.9 .09k5€ 016347
J6hoo 1.6114 30.94 8.4 .0ghol 016820
6200 1.6641 30.95 9.0 05538 016451
6000 1.7139 30.85 9.5 09577 016!
5800 1.7605 30.63 80.0 09615 016628
45600 1.8040 30.03: 80.6 09652 016694
L5400 1.84k2 29.88 81.1 016759
5200 1.8809 29.34 81.7 09723 .016823
5000 1.9161 28.7¢ 82.2 09758 01
1800 1.9436 27,99 82,8 09792 016948
k600 1.9693 2718 83.% 09826 017010
koo 1.3510 26.28 8k.0 03659 017071
4200 2.0086 25.31 BL.T 09892 J01T133
hooo 2.0218 4,26 85,1 09925 W19
3800 2.030° 23.15 8.0 09958 017256
.3600 2.03 21.97 86.8 09990 017318
. 3800 2.0333 20.7h 8'{.2 .02z L0176
.3200 2.0270 19.36 88, (10055 .0LTEB5
.3000 2.0151 18.14 8.2 L1068 017510
2800 1.9973 11,58 16.78 90.2 10121 QL7577
2600 1.5733 11.62 15.39 a1.2 10154  .OL7E5
2400 1.9426 2.0 13.99 92.3 10188 OLTTI8
.2200 1.9048 12,4 12.57 93.6 10222 LOLTT9R
2000 1.8595 12.50 11.16 95.0 10257 017872
.1800 1.8061 9.75 9.6 0293 017956
B 1,7uk0 8.37 98.5 10331 .0180M8
1400 1.6727 7.03 100.7 10370 018150
1200 1.5918 .13 103.% 10611 018266
1000 1.5016 .50 106.8 10h5%  .018LO%
0900 1.4536 3.92 108.9 10478 018485
0800 3.37 11k 10} 018578
L0700 1.39%6 2.85 Tib.h 10527 018637
0600 1.3106 2.3 18.z 2055 018821
€500 1.2780 1.911 L0006 6085 123.3 10583 018995
ohoo 1.2851 1.561 000k L6089 130.2 10616 0192h8
0300 1.4336 1.25¢ o002 L6090 1843 10651 019690
0200 1.9877 82,9 1.193 oo 6092 173.1 10677 020504 .
0100 3.4905 9G.00 1.047 0000 6093 23%.0 10680 1021900 10471.6
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TABLE XX.- VALUES OF 7 FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF VENUS SO THAT Vo = 1.0; Wy = 0, Z3 = V3X1078, Br = 900
(a) V3 = 1.10, 74 = -3.510°%, ey = 0.218k4

v z 7 - a l ] N

deg & sec

©.0000011 0.0000 00013 © o
0000039 0001 0025 L0012 17.6
0000138 o005 .00k -0037 36.7
0000 0017 ocge 0051 8.5
_oo0kkEy 0148 @0 0348 100.2
.002kS30 o480 L0485 0734 128.6
02014 0665 <0571 0910 137.7
002956 Fl 6% 17 1b9.3
004526 130 0850 1566 163.8
i 213 o0 2075 178.1
-003156 299 194 .6
.013132 - 217.5
015911 5754 235.0
QL7BUE -567 250.3
.019130 603 264.3
1 019913 621 2776
1.0300 02031 .67 290.7
1.0860 .20k 825 303.B
1.0100 2032 615 .0
1. : 02014 05 A
5900 019952 .G10 593 B
9500 015869 o5 584 0
S600 o0k 1 1
P0G 0C261 353 638 -
F200 L2705 290 7 1
900C 03508 B0 920 1
8800 043 1. 1.15% 2
8606 05578 3. 1.439 1
BhO0 G 1. 1.766 4
8200 0BG 3 2.13 0
8000 \10458 " 2.51 1
7 12438 2.9 2
7600 -18567 3.3 .5
TH00 16832 3.7 2
7200 18221 h1s M
7000 2172 5.5 5.2
6800 2433 4.96 7
6600 2703 5.35 2.9
600 .28 5.72 .8
6200 3263 5.08 N
000 L3062 .41 -3
.5800 .3862 6. 1 22349 553-8
5600 h1ea 7. 1515 2,248 556.2

5400 U9 7.26 Th3k  z.zE1n 5

5200 798 7.48 1350 2.2726 560.8
5000 5113 1.67 126k 2.2830 sR.3
4800 -543% 7.83 .a77 2.25e6 565.1
3600 5758 7.95 1089 2.3013 567.2
3500 . 8.03 102 2.3092 569.2
W00 6L10 3.08 L0915 2.3164 571.3
5000 6736 8.08 2831 2.3250 573.3
.3800 7061 8.05 0768 2.3289 5754
3600 7384 7-97 L0668 2.33k3 577.5
3400 . 7.86 0592 2.3351 579.6
3200 8019 7.-70 0519 2,383 581.7
3000 8330 7.5 50 23474 583.9
2800 8633 7-25 0385 2. 586.2
2600 B9 £.96 0826 2. 588.5
200 .51k €.63 271 R 591.0
2200 QU89 5.26 @21 2. 593.5
2000 9750 5.85 0177 2. 506.%
1800 9996 5.0 0137 2. 5995
1600 1.0226 4.91 ook 2. 602.7
L1R0D 1.08b0 4,38 0075 2. 6064
<1200 1.0640 3.83 L0052 2. £10.7
.1000 1.0837 3j.25 L0033 2. 615.8
L0900 1.0944 2.95 .o0es 2 £18.8
080 1.1067 2. -0019 2 2.2
0T 1.1232 2.36 ok 2 &26.2
L0600 1.ak7h 2.07 0009 2 £31.0
L0500 1.189% 39.37 1.78k L0000 2 £317.2
-OB00 1.27%8 ba.03 1.531 000k 2 45.8
L0300 1.4885 (2 1.3%0 -o002 2 £59.8
RO 2.0009 f;.48 1.200 o001 2 687.0
0100 3-4906 .00 1.047 L0002 763.5

1hh



TABRLE XX.- VALUES CF Z FUNCTION_AND RELATED QUANTITIES FOR BAILISTIC ENTRY INTO
ATMOSPHERE CF VENUS SO THAT V7,=<3 =1.05 Gg = 0, 21 = V1x10-€, Br = 900 -
Continued

0.4465

(b) T4 = 1.20, 73 = -4.8509, ej

- > & - l - .
v 3 - q il
1eg & sac
0.0017 0 3
00k 18.3
0L 39.8
.0330 €3.3
L0576 .4
L0861 .7
L1173 045
L1WT70 12h.5
1799 123.0
2204 138.5
.2u52 148.1
i 1.133 2614 156.0
1.270 L2721 162.B
1.381 .27 153.0
1.h68 L2825 174.8
1.516 2839 180.2
1.587 283k R
1.623 2815
: 1.658 272
1.653 2638 1
1.620 25t 1
1. 2379 1
1.510 2283 1
1.352 1.kiby
1.h0k 1.5000
1.377 1.55u¢
1.378 1.6053
1.h1€ 1,742
1.456 1.8:k0
1 1.8817
1. 1 1.5he8
i 1.9961
1 2.0k78
o 2 T8 2.0%h
5 2 178 2.132h w7042
2.181 3 L1781 1683 4
R 3 1776 2.2005 57985 L0137
2.620 3 1TRR 2.2295 B8373 013870 7.913
1738 2.2556 R%:7et 014033 1,166
1706 2,27 Iy 014190 10.558
1665 2.3006 49256 L01434L
1616 2.3200 4054k L014L87 14.796
1561 2.3376 43768 014628 15,661
Wwee  2.3536 52973 OLLTES
1432 2.3681 50162 014837
1361 2.381% 50335 015026
1286 2.3934 50895 .015152
1208 2.hOb4 5064k 015275
1129 24144 L50783 015396
1048 2.5234 50913 015515
0967 2.4317 51035 015632
0888 2.43% 51150 L015749
0807 2.5459 51259 01586
5.57 0728 2.4520 51362 015980
6.9 0852 24575 51459 016096
7.30 0579 2.4€25 51553 016212
1.7 ER T 51682 016329
8.18 2.3709 81727 016448
8.69 0380 2.4THs 51809 016560
2.27 L0122 2.5775 51888 015695
9.92 Na-Te:] 2.5802 51964 016822
10.67 @13 2.u826 52037 016955
11,56 0175 2.48k€ 52108 017095
12.63 0137 24864 52178 .OLTREN
13.93 .0103 2.k87%9 52245 LO17H03
1599 0075 2.4891 52312 017578
17.78 o051 2.hooy 23717 -017773
70.83 L0033 2.4908 L L017938
(900 10957 2.87 o3 2.hg11 SRUTH 018128 3n5.2%
.oBoo 1.1082 .12 oo 2.55th 52506 .018272 k1590
L0700 1.12682 8.72 .002R 2.4917 52539 L018417 2,66
0600 1.1509 53.37 .0010 2.%919 52572 018633 “TS.47
25 1.1931 39.45 0006 2.4920 5260 018875 715.85
LOkOG 1.2789 kg9 000k 2.45e2 52638 019200 Q.21
300 1.5500 14,42 Neih-d 24323 S2671 019650 1kB9.98
200 > 0009 85347 0001 2.hes 52652 0204E8 400143
0100 34906 40,00 0000 2.h3e6 52695 021856 2471
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TABLE XX.- VALUES OF Z FUNCTION_AND

ATMOSPHERE OF VENUS
Continued

146

()

S0

vy

THAT Vg

1.30, 74

RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
=1.0; Ty = 0, Z4 = Vix10™8, Br = 900 -

il

-5.735°, ey = 0.6938

<t

s
Eom
i

X &
o ev)

2 2%

Q2B

i
RERuE

N
2
2

1.3
1.53;

1.760

1.990

2.22

2450

2.687 .
2.9, 4
3.160 .
3.3 K
3.63 R
3.88L N
k.13h r..00
h.390 .25
k.6 )
b2l BT
5.207 .87
5.50: .G
5.811 7.13
6.23¢ 121
6.48 .25
5.86 s
726 a1
1.65 I
B.17 7.00
B.70 [
9.29 60
9.9 .3k
107 £.03
11.6% Bl
2.7 .27
14,05 4.82
15-73 33
17.95 80
20.93 =

Y

EESE deuelr.

3

ENSIAEN N

»

Hor
-013070

013204
8133

LOT3Ru
L0135k
013793

013945

.01518%

-O15314
~015k37
015560
L0158
-0158

582,35
576.31

7.9

%1.18
1451.24
1.5
104718




TABLE XX.- VALUES CF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF VENUS SO THAT V7=o =1.0; Ug = 0, 21 = V41X1078, Br = 900 -
Continued _

(4) V3 =2, 71 = -6.460°, ey = 1.0000

- - B, - = 3 & - _—
s : Zo|-x : ] 2 & a | oA L
1.Lrkan €460 L. 00RR [¢] .000
1.51421 5.813 008k 002426 000
1.5k1420 St JO156 SO0, 001
1.L14135 904 0316 i .00k
1.41%10 700 0413 006
1.41%0 bAT 0558 .12
18133 3.99% 0961 035
1.5130 37T 1223 056
3507 1599 -097
3.331 L1RR3 »135
3.19 2117 ATL
B 2939 .337
2,542 3ha2 4R
2,217 RS0 753
.98 ATTE 991
1.66% LA 1.%07
14815 .5835 1.765
.28 -6050 2.076
1.05¢ A1E .39
915 6161
<7 6111
T3 -56012
-27C <9877
e 25712
1.1100 39 +3925
1.1600 s 5372
1.1800 2 L2 .5106 5
1,1200 .13527 L8 A8y Gabiy
1.1000 L13450 W13 JHESH RCc)
1.6800 L1331% .08 b2k
1.0600 .05 lagh
1.0L00 .02 3966
1.0200 .00 ETN
1.0000 .00t L3527
.980C .12203 +00¢ L3321 2.0161 176.1 L27TRL 0130 ¢
9600 FTC O 3124 2.0690 1787 28293 o130
400 1768 08 2933 2.1228 W6 28855 L0130+
9200 .11603 EH 2765 2.1753 188,56 Lgh 01307
5000 11507 “1AL L2606 2.20Rk 133.5 130001 L0130
11877 L2600 L2UEY  2.2760 30584
L1356 37 V2331 31164
11733 50 J2R15 31739
L1206 LBy L2114 32301
.12510 WA11 2025 32848
113131 -991 3.07 1987 33369
L1392k 1.186 3.18 L1879 33864
L1bAaE 1.373 3.31 JRR .34330
L1605 1.61 347 TEY U763
17399 1.83" 3.65 L1710 35165
L3R 2.070 3.86 1652 .35535 L0134
2065 2.300 L.00 L1608 35575 .oike
JPR55 2.555 .33 +1556 L36186
J26A3 2.800 4,58 1502 L3EHTL
. 3.055 A L14k6 36732
2979 3.316 5.16 386 L3697
3185 3.57 .35 132k ~37192
L3456 3.840 5.60 1260 ~3739%
S3THL b0k 5.8% 21192 +37581
038 5,39 6,06 W1123 L3TTS
A3u7 L.68T £.26 .1053 L3T915 .05
JuE6R .98 KB4 0881 . 35064 01534
4997 5.302 £f0 0908 .38203 $015505¢
5336 5.631 6.72 +0835 38333 015634
5FA2 5.977 £.B2 WOT7E3 .38456 015754
<6035 6,34 £.88 J0E91 .38514 1015842
-6393 6.7% £.90 L0E32 L3867 016005
.67 7.16 6.89 0555 38781 016171
.T118 7.61 £.83 .ohag .38878 L0162
STh83 8.11 676 Oh26 38570 01637
7847 8.66 6.59 0368 39058 016513
5208 9.27 6.50 .0312 .391k2 01664
E565 9.96 £.17 0261 Jgas L0167
<Rtk 10.76 5.88 0214 233300 JOU6G ¢
L5254 11.68 5.55 0172 239375 Rokihd
.1800 9583 .79 5.17 0135
1600 .87 k.13 b.75 0102 2,302k 326.3
21400 1.0185 15.93 4.28 0076 2.5037 330.1
1200 1.0479 18.06 3.77 0051 2.9047 3345
1000 1.0758 21.14 3.23 W0033  2.9054 339.7
. 1. 23.19 2.94 L0025 2.9058 342.7
0300 1.1065 25.75 2.66 .0019  2.9060 346.1
G 1.12R1 29.06 2.36 001k 2.9062 350.1
0600 1.1532 33.49 2.08 L0010 2.9065 355.9
0500 13971 39,7 1,796 0006 2.9067 361.1
.0koo 1.2839 39,32 1.541 000k 2.9068 369.6
0300 1.5934 £5.50 134 0002 2.9060 183.5
. 2.0011 83.%7 1.201 L0001 2.9071 k0.6
0100 35889 90.00 1.0%5 L0000 2.9072 k92,9
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TABLE XX.- VALUES OF Z FUNCTION_AND
ATMOSPHERE OF VENUS SO THAT Vy:o

Continued
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(e) vy =\/§-)

-7.669°, ey = 1.9866

RELATED QUANTITIES FOR BAILISTIC ENTRY INTO
= 1.0, Uy = 0, Z4 = ViX10™®, Br = 900 -

Z
= [ =3
000
LO0IED6 001
LG0T 010
008660 <071
0056 179
03081 366
010832 504
011321 653
011518 934
012000 1561
012306 1.398
012528 2.337
\G12700 2,705
612839 3,066
013098 3.B7L
013280 u.:.?;
013k1k 5,155
013516 5.651
012595 £.053
013654 6.387
013699 6.658
013730 £.53%
01370
013742
L0137
013759
013762
013765
013767
013763
013768
013766
. 13TEE 7.07¢
R 013768 107
MO0 . G13TT0 OB
L3200 24856 013772 101
5000 25165 013776 12
3800 013783 1.7
LHE00 013792 7.230
300 013806 7.320
3200 .013A24 T.830
~5000 013847 159
T .01387¢ 7.800
. 1600 013913 2.06
. TH00 013957 3B
1200 LO1R00F 78
7000 LO130EE
-5800 «2233 1.375 018134
5600 .2321 1.582
5400 L2426 1-R03
5200 2549 2.038
6000 2691 2,285
.5800 2851 2.543
5600 3031 2.817
5500 3.101
L 5R0C g 3.396
5000 682 3.70%
4800 3935 &,024 208.8 2,
LME00 J20% %.358 2117 27
1400 kg2 5.707 Q%5 a
4200 Ratad 5,07 £17.2 3
5000 5110 5.440 220.0 8.
3800 5.87 222.7 42,
3600 .30 225.3 48,
3500 6.77 2 28,0 g
.3200 7-27 ~30.7 &
.3000 7.81 333 &8
12800 a3 361 7T
2600 5.07 38,9 3.
2500 9.81 k1.7 160,
2200 10.66 okli.T 11k,
.2000 11.6% 7.8 131
-1800 12.80 -2 152,64
S1600 k.21 5.8 178,640
1. 1%.97 258.8 211.5
£1200 18.26 263.3 255.9
1000 2151 268.6 317.6
0500 23,39 2T1.7 358.9¢
0800 26.09 a75.1 511.30
L0700 29.h2 a79.2 80,00
L0600 13.87 2RL.0 575.5
.05 50.16 290.2 THE.9
D400 49.68 2047 965.8¢
0300 6h.6€ 312.8 1497.3
B3.43 329.6 3002,k
0100 90.00 32,1 208701




TABLE XX.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
ATMOSPHERE CF VENUS SO THAT V,., = 1.0; Ty = 0, Z3 = Vix107%, Br = 900 -
Concluded _

(£f) V4 = 2.0, 73 = -8.240°, ey = 2.9725

7 z 7 M
2eg se
<, D00C 8.2u 0 €
.9990 T.62L 3.9
:.9980 £.962 12.3
1.9960 5.711 2.3
..99u0 5.0%7 30.7
1.9920 §.60E 4.0
1.9900 .013311 5 .kE7 6.2
1.9850 02372 &.099 39.8
1.9800 0336k 1.8% k2.1
+L.5700 05223 353 5.3
i.5600 51 3.303 875
1.3%00 1010k 2.57% 5.8
9200 12987 2.732 .3
1.9000 15340 2.539 .3
i.B500 .2316 2,18 .2
3.8000 2579 3.882 Y
;7500 1 1.645 65.2
7000 3875 1.3b% 67.7
6500 -3987 1.26k ™.1
z L3724 1.101 72.h
13500 3872 95 7.7
L3000 23973 Az 76.9
148500 L4033 68 79.3
1.5000 LBOSh 564 8.6
1.3500 LBOLO 453 8.1
i 43000 .1993 351 B86.6
1.25C0 g7 258 A3.3
1.2000 L3816 176 g93.2
1.1500 -3693 106 95.3
1.1000 L3552 050 98.6
1.0500 -3398 013 102.3
1.0000 3837 000 306.3
9800 3173 108.0
9600 +3108 010 209.8
9400 L3065 oz 1.7
9200 2984 Ohy 113.6
9000 2925 570 15.7
8800 2863 165 117.8
8600 .2817 148 126.0
8400 2769 207 122.3
-B200 -a7e7 265 12k,
Baoo 2692 338 127.1
7800 <2664 u2k 129.F
T600 264k .523 132.%
THOO 2635 -633 135.2
T200 2636 763 138.0
.T000 2648 1%0.9
L6800 2675 . 143.9
6600 2715 5. 146.9
6400 2771 5. 150.0
6200 2843 5. . 153.1
6000 32 5.28 L1510 B.hA3h 156.2
5800 .3039 5.29 L1812 B.BYOL 159.3
<3600 -3165 5,32 1320 4.h856 162.4
5400 .3311 4$.36 .1233  %.5001 165.5
5200 L3476 5.52 L1150 B.513k 168.6
5000 ! 5.49 070 L5857 1716
JL800 5,57 L0992 k5370 17h.6 28254 015110
L4600 5.64 0918  k.5k7h 177.5 28423 015221
300 5.72 0845 L.5568 180.% 28583 «01533%
L4200 5.79 9775 4.5653 183.3 2873k 01552
L5000 5.85 2707 5731 186.2 28876 015572
.3800 £1.90 L0BWL  4,5800 29010 015665
3600 3 .93 L0576 .5R63 29136 01582
3500 k2 .90 L0515 BS99 29256 015950
3200 6.95 .93 k55 45560 L2938 01608
3000 752 20399 4.5013 29878 LO16216
2800 .1 035 %.6052 1 29575 2016354 73,988
.2600 -Bh b L6086 .0 29670 .016h96 85,089
2500 62 Q2T %.6116 0 29761 -016643
2200 50 0p0k  M.6142 212.1 29847 016796
2000 2 0165  4.6164 215.h 29929 L0169
.1800 12.73 379 0130 b.51R2 218.8 . 50007
-1600 118 @45 k.6198 222.6 30083
-1k00 15.99 4.06 072 L6210 226.7 30155
.1200 18.33 .82 cosc h.6221 231.2 30225
+1000 2150 3.13 032 k.6229 236.7 30293
.0900 2.88 0025  k.6232 239.8 10326
0800 2.61 0019 k.6235 243.3 30360
L0700 2.3 001k 4.6237 2478 30393
L0600 2.07 0009 b.6239 2.3 El
L0500 1.7 L0006 h.62k1 258.5 30659
0500 1.547 000k 4,622 2671 30632
.0300 1.3% 0002 b.62lb 2680.9 30923
1.201 0001 b.6pk5 307.8 L4084
0100 1.087 L3000 b.6286 3%0.3 30547
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TABLE XXI.- COMPARISON OF RESULTS OBTAINED USING EXPONENTIAL MODEL ATMOSPHERE
WITH RESULTS OBTAINED USTNG ARDC (1956) MODEL ATMOSPHERE; V; = 1.0, U, = O

" q 4, q, 3 A:C 8, m. | =, =t
D #FDC | Exe. ARG © AEC Bep.
Bl o Pty R.06 Aok 0,08 178.5 1A3.2 9,00 32,895 32,632 2312.5
8.77 9.0% 03 21k.5  2RRLT L 86,261 25,573 135%.7
S 10.25 10.86 SR 251.0 270.6 o7 22,450 ZL,7HR =03l 9767
i 12.56 13.22 SOEL 285.3  08.8 O 19,A77 19,18k -0k 7684
ah.of 15.83 oni 1182 336 O 18,003 17,295 635.0
£ 17.45 18.50 0F 2 ®7.2 30 O 16,557 15,883 -l Shr.7
3 4.0 s 8.61 8.2k -0k} P97 ZET.2Z WO u7,255 46,563 -.o1n | 2501.9  2566.3 .G
3.z 9.09 9.0 -0 01,1 @28 .o 37,978 36,480 1648.3  1468.8 L0137
0.7 10.BE 001 358.3 AR L0eH 32,008 30,893 1038.1  1086.2 0078
s 13.13 13.22 -007 L11.% 3367 O 28,248 27,161 213.1 ara 0055
15.83 15.83 ool “1.8 L858 SEL 25,5068  2b,561  -.03F 6&3.7 673.1 S05L
£ 8.7 13.56 -0 565,35  §30.5 045 P3,U0k 22,508 -.osf $%62.9  573.0  .005h
g 3 z 9.06 5.4 365.2  176.8 W04 £7,688  66,L26 -0l 2698.9  2766.7 251
£ 3.7t 9.04 -0t ko2 UsE.1 53,575 351,808 -.o3p 15%3.0  1561.0 L0117
30 11.31 10.86 521.9  5LOLB 03 u,31k B3,TS3 0 -.0% 1098.1  1106.2 LO0TR
bl 13.99 13.22 -.05 603.2  E17.8B K2 29,R88  3B,kwn  -.00h 856.1 862.1 0066
16,77 15.81 -.05n 7504 BBT.S LSOUE 35,888 34,738 -0 T03.4 708.5 .GOT2
15.63 18,9 -0 TLos 7501 1% 32,866 31,88 597.5 602.% Joog2
0.5 o . 1.50 1.99 .00 [ESTEINR K1:X: N 4 15,880  &8,%1 3117 O3ITR.2 L0201
L 3.9 3.98 BEy 5 3,191 35,530 -.mh | 2005.7 2026.8 L0105
ol £.58 7.86 Bt o843 309.3 Bl 28,51k 27,399 182, 16885 Reoty
0.5 PR 197 1.99 Bl 13d.d 19k5 0 76,083 63,51 -Gt 3P1k.0 327301 JO1Bk
3., .98 af.a 330.2 ST S52,165 50,380 - 0%k 2058.7  e072.9 L0065
i 6.7 7.86 166 5950 BITLT LG ko,8k 38,615  -.24% | 15138 15185 L0031
5 ] 1.0 1.93 500 273.8  .Oh3 | 10,80 98T -.017 | 33239 33731 .o0LkE
£ 3.38 3.98 AT 66,1 .71 Th,506  TL,N13 2109.8  2119.1 OOk
L] T.12 7-85 163 619.0 LT 57,697 54,985 15634 1548,0 0330
oo sl 1.3 1.3% 000 111.3 06,3 .06 68,368 69,392 L915 &297.% 6293.3 0152
0 2,72 @ 022 1%0.6 L0103 89,733 30,105 L Wk86.7  4535.B L0109
) 5.23 a PR - N ) 38,787 38,158 -.uin | 3549 35BLT .OOTS
1. oG 1.33 1.3 006 190.1  187.0 -0t 97,895 98,%T .00 U072 6503.8 L0160
i 2.51 278 108 3.6 Pt 71,835 71,028 ..uil L5555 4588.2 009k
L 4.96 5.8) x# s 373 LGB0 | 56,058 54,063 -.0uf | 3590.8 3616k 0060
3 “ 2 oL 1.36 .07 207.3  .coi | 180,330 139,777 6628.0 .My
] 2.36 2. 178 3|z L0 103,620 100,66% 5640, 8 0071
48 5.00 5.8% 168 528.5 AT 80,268 76,576 .04 3636.7  3647.0 ~00L5

Note: Units of and q. are Blu/rt? and Btu/rt?/aec, respectively.
@

150



s SnUS) PUB
‘sag ‘yiaey Jo sasxsydsoue oyl Jo suorasvwrxosdde Teriusuodxy -*T SInSTJ

% o
J
v 9~ 8- Ol- Zl-

| 0
00t
1 , 007¢
_
d, _ - 00¢
: H/BnIs €00 =%
m ” 1 00L 12 =H *SNUdA
| |
“ . , o0V
cH/BNIs 120070 = %
| 4006'€2=H= 4 H . OlxA
od-d
_ kg2 ¢ Y4403 005
H/BnIs 2000°0 = ¢
4 000°9G=H ‘SIDW\
| | W <1009
¢H/bnis 86200°0 = | _ ~
: aiaydsowyb yj4p3 |epow Gmm_v 204vY
H | T " 4 00.

151



152

Flight path

Limit of sensible atmosphere,
arbitrarily defined by Z = VxI0™®

Surface of planet

\ Keplerian trajectory
\\/ (based on vacuum conditions)

Figure 2.- Coordinate system and convention of notation used in analysis.



Dsind

Dsind

Dcos &

(b) T, positive

Figure 3.- Components of gas-dynamic force in case of rotating atmosphere.
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D
-4.0 v, - Symbols represent data obtained
-2.0 A _— from approximate solutions of
-1.0 > —_— reference 3.
-5 8 T Lines represent data obtained
0 o @ — using complete equations of
5 0  m—————— present report,
1.0 6 mmmme———-
10 T T — 1
L > 7 Y ¥ o I
- AN B A g
Vs & i _A A
I - 2 DN Y S S
B | [ 7 ¢ i
L O [aR QIJ 0
Q == == O a 2
a - —— \‘-\\ ‘C.)\D*\ ) éx
l/ - —"—_—h“:’. _ —>
7 j s &

.0l
0 A 2 3 4 .5 .6 ¢

u

Figure 8.- Comparison of several approximate solutions of reference 3
with more accurate solutions obtained using equations of the present
report; V; = 1.0, Uy = O.
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Total laminar convective heat absorbed
——— Laminar convective heat absorbed
after V=0.995V;

2.03
N
1.6
\\\
1.2 \‘\\
3 NAN
NN

.8 > \\\

™~

h \.\
T e~ _,‘:'-\
4
o)
0 2 4 6 8 10
"'Yi: deg

Figure 9.- The variation with initial flight-path angle of the laminar
convective heat absorbed by nonlifting vehicles from the effective
beginning of entry and from the point where V = 0.995 V.; V, = 1.0,

u, = 0.
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005
.004
Approximate solution
of reference |
003
‘ZC
.002 \
Extended solution \\

obtained by using \

equations of

present report—————///A\
001 \\

\ rKeplerian motion
\ (based on zero-
drag or vacuum
\ trajectory)
o)
.990 995 1.000 - 1,005
u
(a) 7i = -lo

Figure 10.- Comparison of two approximate solutions of reference 1 for
the initial phase of entry with more accurate solutions obtained

using equations of the present report; V; = 1.0, Ea = 0, L/D = 0.
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.025

.020\\
Approximate solution
of reference |
015
ZC
010 \
Extended solution \\
obtained by using \\
equations of 5
present report— \\
.005 - \
\ -Keplerian motion
{based on zero-
\ drag or vacuum
\ trajectory)
0)
990 .995 1.000
u
(b) 71 = -J-I'O
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Figure 10.- Concluded.
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- Net values considering
rotation of Earth

13 7 - N
12 - O
a
————— 0.06
HpF— 0
-_— .06
10
9 NS i
G // |-
g / \\ g

i ; ~
-

-~

0 A .2 .3 4 .5 .6 7 .8
Vr
(a) -ar/g, A‘S/:'-"

Figure 1l.- The effects of Earth's rotation on the motion and heating of
nonlifting vehicles during atmosphere entry; Vi = 1.0, Yy = -0.5°.
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Figure 11.- Concluded.
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—7;, deg

(a) (-ar/8)pax
Figure 12.- The effects of initial values of flight-path angle on the

maximum values of (-ar/g) and d druing entry of nonlifting vehicles
into atmosphere of Earth; Vi = 1.0.
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Figure 12.- Concluded.
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——— -0.06
o)
——— .06
2.6 -12.6
=
2.4 —— - . 2.4
_f‘_-——‘}\'\\\\ \\ .A_s
—_——t \N\ ~ r
22—/ e T~ > 2.2
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Net values considering ~—_ \\\ N
rotation of Earth I~
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[ OT
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0 A .2 3 4 .5 .6 Ny .8
Vi
(a) -ay/g, 2s/r
Figure 13.- The effects of Earth's rotation on the motion and hegting of

lifting vehicles during atmosphere entry; Vi = 1.0, 71 = -0.50,
L/D = 0.5.
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Figure 13.- Concluded.
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1.6 L} Net values considering \\\\ \f 32
A rotation of Earth N\ \\\\ >8
_9 | I— N \\i\ .3
9 ol LSO \ N 2a |
. 2 \\\‘ \\~ \\ \\
% ~ \ \
.0 SO ! 1 2°
N \\ a \ |
- |-
o \\\\\\\.\\ g ‘ 16
* \ T\ \ ’
] NN 12
\\\ \\
4 NN ¥q 8
NN
N\ \ \\,l
0 - 0]
o J 2 3 4 5 6 7 8 9 10 Il

(2) —ar/g, As/r
Figure 1k.- The effects of Earth's rotation on the motion and heating of

lifting vehicles during atmosphere entry; —\fi =1.0, 7y = —0.50,
L/D = 1.0.
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Figure 1k.- Concluded.
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Figure 15.- The effects of Mars' rotation on the motion and heating of

nonlifting vehicles during atmosphere entry; Vi = 1.0, 75 = -5.09.
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Figure 16.- The effects of initial values of flight-path angle on the
maximum values of (-ar/g)_and'q during entry of nonlifting vehicles

into atmosphere of Mars; Vi = 1.0.
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Figure 25.- Nominal results of lifting entry at supercircular velocity
into the atmospheres of Earth and Venus; Tja = 0.
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Figure 25.- Continued.
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FPigure 25.- Concluded.
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